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Foreword to the Third Edition 


T he first (1941) and second (1949) editions of "Hunger Signs in 
Crops" enjoyed wide acceptance and use. This third edition presents 
similar concise, lucid, and accurate descriptions of the visible symptom'^ 
of nutrient deficiencies in economic crops. Much has been learned abf' 
plant nutrition in the decades since the first edition was prepared, iind 
knowledge on all aspects of plant response to nutrient elements doubt- 
less will continue to accumulate. 

The original 19 authors of the first 2 editions of "Hunger Signs” made 
a monumental contribution to better understanding of nutrient deficien- 
cies of crops, and detection and interpretation of visible deficiency symp- 
toms. Six of them participated in preparing this third edition. Associated 
with them are 14 new authors, each of whom has the intimate scientific 
knowledge required for this revision. 

All 20 authors have undertaken to maintain in this volume, the accu- 
racy and readability of earlier editions. They have recognized that pro- 
found changes have occurred since 1945 in the production of economic 
crops. Increases in acre yields, new varieties, and improved cultural 
practices have accentuated crop demands for mineral elements. Native 
supplies of plant nutrients in the soil hardly are adequate anywhere for 
present levels of crop production, and high dependence must be placed 
on the addition of fertilizers and soil amendments to maintain healthy 
growth. Thus, the appearance of “hunger signs" indicating nutrient de- 
ficiences has become an increasingly important matter. 

Revisions in the text of this thircb edition, presenting current knowl- 
edge in non-technical, readily understandable form, are substantial. For 
example, in Chapter I some 30 insertions totaling 2000 words were 
necessary to bring the text up-to-date. Chapter II on corn and small grains 
was rewritten to cover problems on alkaline and irrigated soils, and a 
new section on grain .sorghums has been added. Chapter IX on tree 
fruits and nuts is essentially new, with all new color plates. Three com- 
pletely new chapters on forages, small fruits, and sugar crops have been 

added, thus giving more complete coverage of economic crops grown in 
temperate and sub-tropical regions. 

All of the chapters appearing in earlier editions have been revised 
in text, illustrations, and color plates to present the current status of 
knowledge on each crop. They include much added information on es- 
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’ ,.u Uiicc elements- /mt. m(>l>bdcnum. copper, manganese, iron, and 
boron that have become increasingly important in crop production. 
Occurrence of deticiencies m calcium, magnesium, and sulfur, has in- 
ereased in the last decade; thus, more attention is given to them, without 
neglectine the major elements- nitrogen, phosphorus, and potassium^ 
The extent of this revision may be noted from the increased number 
of pages- up by 20 percent, the increased number of black and white 
illustrations— up by 10 percent, and the increased number of color il us- 
, rations— up by 4.^ percent. Sixty-eight of the black and white illustrations 

iiid 1 14 of the color illustrations are new. 

\n outstandme and unique feature of Hunger Signs m ( rops has 

vMiptnms of nutrient defictcncies in natural 

i edition has i 10 panes of color, presenting I 9?> full color 

,1 . 1 iiese illustr.itions rcseal more clearly than is possible 

I iiiptoms on each major crop plant for 
L)t kriptiotva ;jivcn in the accompanying 
.. p.s v)! . :uiscs and correction of 

, , . - ; f. I'fc color illustrations 

idcs a better basis of 

thev function in the 


l»y any other means, dcli- u 
cacli essential nutrient clcn 
text of each chapter pro' i ! 
nutrient deficiencies Tin . 
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Editor: Third Edition 







Foreword to the Second Edition 


W UhN "Hunger Signs in Crops"' was first projected, those who co- 
operated in preparing the book believed they would be offering the 
agricultural public a much-needed treatise on the subject. Although rapid 
advances had been made by agricultural scientists in the study of ni: 
trient-deficiency symptoms in crops, their work had not been assemb' 
in convenient form. 

As in all such ventures, there was much uncertainty about the recep- 
tion such a book would be accorded. Concern on this point was soon 
dispelled. Immediately after its announcement, orders began pouring in. 
Three printings were required, and high praise for the volume came 
from numerous organizations and individuals. The book was widely 
used by college professors, research and extension specialists, industrial 
chemists and agronomists, county agents, and teachers of vocational 
agriculture. Many farmers found it of much use in deciding on their 
fertilizer program. 

Rapid advances have been made in our knowledge of this subject, 
so that it has become necessary to prepare an entirely new edition. This 


second edition includes much material that has not previously been 
published. Many hours of unselfish labor have been devoted by the 
chapter authors to the revision. Credit is due also to their associates and 
colleagues who have offered suggestions and furnished photographs. 

Accordingly, the American Society of Agronomy and the National 
f^'ertilizer Association are now' pleased to present to the public this 
second edition of "Hunger Signs in Crops."" We hope it will continue to 
serve the cause of an ever better American agriculture. 


Firman E. Bear, President 
American Society of Agronomy 
Russell Coleman, President 
The National Fertilizer Association 

Washington, D. C. 

September 1949 
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Foreword to the First Edition 

W HEN we human beings lack certain essential nutritive elements, we 
get serious nutritional diseases — rickets from a lack of calcium, 
phosphorus, and vitamin D; nutritional anemia from a lack of iron: 
beriberi from a lack of thiamin; pellagra from a lack, probably, of nic 
tinic acid; scurvy from a lack of ascorbic acid; and so on through a 
siderable list. The symptoms of these diseases are pretty clearly ' Cog- 
nized by physicians. 

Even when there is no acute disease, an essential nutritive element 
may be sufficiently lacking to give us a borderline case — some minor 
but perhaps troublesome ailment that keeps us from being really healthy. 
Frequently these borderline ailments too can be diagnosed by the shrewd 
eye of the physician, sometimes supplemented by laboratory tests. 

Much of this knowledge is new, and it is of untold value. It means 
that many human ills — even many untimely deaths — can now be con- 
sidered absolutely needless; much of our common inability to meet the 
demands of life with full nervous and physical vigor can be eliminated. 

Best of all, we do not have to depend on the physician to achieve 
these things for us. As the modern knowledge of nutrition spreads, any- 
one who will take the trouble to understand and use it has the control 
of life and health, insofar as they are affected by food, within his own 
hands. 

At the same time, farmers are now better able to feed their livestock 
for maximum health and productiveness becau.se knowledge of human 
and animal nutrition have advanced together. 

What has all this to do with the subject of fertilizers and crop plants? 
There is a close connection in more ways than one. Plants too are 
living things. They take in food and convert it into body tissues and 
energy; they can be healthy and vigorous or they can be ill and die; 
they have their acute diseases and their minor ailments; and they require 
certain nutritive elements just as surely as do we human beings. Many of 
these elements, in fact, are the same ones we require. Without them, 

the plant too suffers from hidden hunger. It needs a balanced diet as much 
as we do. 

You cannot tell a plant to stick out its tongue and say “Ah,” but 
there are other ways of examining it for symptoms of ill health. It may 

show unmistakable signs of hidden hunger — nutritional deficiency if 

we can only recognize them. 
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HUNGER SIGNS IN CROPS 


rUe purpose of this book is to help us to recognize the signs of nutri- 
tional deficiency in crop plants. It was written by scientists ^ho have 
made a close study of this subject, each in his own particular field, or 

"'as r^e case of human nutrition, the best thing about this knowledge 
is that it is not all in the hands of the experts; it can be used by the lay- 
man. The farmer who will take the trouble to study the symptoms of 
malnutrition in plants is in a position, in many cases, to correct the 

difficulties himself. . 

Much of this knowledge also is new. A few years ago, for instance, 

v,hat farmers called “firing” of corn was attributed to drought. Now it 

koMwii that though firing of corn is made worse by lack of moisture 

. p ntally due to nutritional deficiencies — shortage of essential 

t' iTients HI the food supply of the plant. 

And just as one nutritional element after another was found to be 

vitally necessary for human health, so one element after another was 

found to be essential for the health of plants. There is a real parallel 

between the discoveries in these two fields. 

After it w:>s found that lack of one or another plant food could cause 

d-firWe mMri.K. ,;,! d,. r.ex, step wax to make a close 

, . . , S s : cienii-is have been doing this in 

v- vorhi for many different kinds 
■ : : field studies, plot studies. 
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WHAT THIS BOOK IS ABOUT 


The book is not to be considered as the final word by any means. 
Active work is still going on in this field, and much remains to be done. 
The reader will note, for instance, that there is not as complete or as 
definite information about all deficiencies in some crops as in others— 
sometimes because of inherent difficulties, sometimes because less re- 
search work has been done in the latter cases. 

Thus, the farmer will need to use caution in diagnosing deficien 
symptoms, and where there are uncertainties he will want to get ex i 
help from scientific workers. He should be especially careful aboui con- 
fusing deficiency symptoms with conditions due to disease, organisms, 

insects, or other causes. 

In a few cases, injuries caused by excesses of certain elements are 
mentioned in the text or illustrated in figures, but no attempt has been 
made to cover this subject systematically. 

Now a brief account of how the book came to be written. 

Early in 1936, The American Society of Agronomy felt that enough 
is known about the symptoms of malnutrition in plants — though there 
is much yet to be discovered — to prepare a monograph on the subject, 
and that such a monograph would fill a growing need. The Committee 
on Fertilizers, headed by R. M. Salter, appointed a subcommittee to look 
into the possibilities, with J. E. McMurtrey, Jr., as chairman. As a first 
step, this group got the assistance of the Plantfood Research Committee 
of The National Fertilizer Association in rounding up all available 
colored photographs of malnutrition symptoms, and these were exhibited 
at the 1936 meeting of the Society of Agronomy. 

Early in 1937, plans were outlined for the book, “Hunger Signs in 
Crops,” and the authors were selected. A major problem from a practical 
standpoint was to keep the price from being prohibitive; it would be 
very high for a small edition of a book with as many colored illustra- 
tions as were needed in this case to give maximum usefulness. However, 
the authors, as members of The American Society of Agronomy, con- 
tributed their work without compensation; Charles J. Brand and H. R. 
Smalley contributed much time and effort that would ordinarily have 
been part of overhead expenses; and The National Fertilizer Association, 
through its Soil Improvement Committee, agreed to be responsible for 
the sale of enough copies, in addition to the ordinary demand, to make a 
fairly large printing possible and thus materially reduce the cost per 
copy. (While these acknowledgments are being made, credit should also 
be given to Marion J. Drown for a great deal of detailed editorial work 
on the chapters, and to Mary A. Bradley for indexing.) 
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HUNGER SIGNS IN CROPS 

So wide a range of material on malnutrition symptoms in plants has 
not before been brought together in a single volume, and it should be 
useful alike to farmers, students and teachers of agriculture, technical 
workers, and everyone concerned with the proper management of soils 
and crops. Care has been taken to keep the book as nontechnical as 
possible so as to give it wider usefulness. Even the usual lengthy bibliog- 
raphies have been cut down to a few references. Fertilizer analyses, how- 
ever, appear throughout the book in the technical form. This is so familiar 
to farmers and others concerned with agriculture that it hardly needs 
explanation. In such an analysis (4-10-6, for example) the first figure 
lands for the percentage of nitrogen (N ) in the total mixture, the second 
1 r the neroentage of available phosphoric acid (P.O.-.), and the third 

f i; M , vantage of available potash (K..O). 

/he editor would be remiss if he did not emphasize one other reason 

why he thinks the book is important aside from the main point, which, 
of course, is its immediate practical value. It marks one more step in 
the study of nutrition from the soil i''i up tiiiough man. What the soil 

does not have, plants v.ii! n. i e: . uu; a-iitii ils and men will lack also. 
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Why Do Plants Starve? 

By Howard B. Sprague * 


N O ONE worries about healthy plants. But when plants fail to grow 
vigorously, farmers become concerned. A plant will slow down in 
rate of development or will show other signs of trouble whenever any 
of the many factors that contribute to its well-being gets out of balance. 
The Indian learned that burying a fish under a corn hill produced better 
plants, and that corn grew better where a brush pile had been burned. 
The Indian did not realize that he fertilized the soil with nitrogen and 
phosphate from the fish and with potash from the wood ashes. Other 
necessary elements also were provided by the fish and the ashes. What 
they were did not matter so long as fish and ashes were plentiful and 
not much corn was needed. 


THE PLANT NUTRIENTS 

Since corn is widely known, let us use it to obtain a picture of the 
materials that such a plant requires for its growth. It will be helpful, as 
background for a better understanding of the articles in this book, to 

have a clear conception of the kinds and amounts of materials required 
to produce 100 bushels of corn. 

The plants producing 100 bushels of corn on 1 acre of land, a fairly 
high yield, consist of about: 


4,000 pounds of stover 
1,400 pounds of cobs 
5,600 pounds of shelled corn 
5,200 pounds of roots and stubble 


—a total of about 16,200 pounds of air-dry matter. Excluding all water 
this amo unts to about 14,200 pounds of moisture-free crop growth’ 

u* earlier editions of this book. Chapter I was written bv Georee D Scarseth nirprrr.r 
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Sources and quantities of raw materials needed to produce this amount 
of dry material appear in the following list. 


Source Substance* 

F-urnished 

Water 

by air and 
water ; equal 

Oxygen 

95% of 
plant 

Carbon 

weight 

Nitrogen 

Major 

mineral 

Phosphorus 

nutrients 
from soil 

Potassium 

or 

fertilizers 

Sulfur 

and lime 

Magnesium 


Calcium 


Chemical 


Symbol 

Pounds per Acre 

KCO 

4.300.000 to 

5.500.000 

O 2 

6,800 

C 

5,200 carbon or 
19,000 carbon 
dioxide 

N 

130 

P 

22 

K 

I 10 

S 

22 

Mg 

33 

Ca 

37 


Approximate hquivalcnl 
19 to 24 inches of rain 

Air is 20 percent oxygen 
Amount of carbon contained 
in 4 tons of coal 

4 100-pound bags of a 32 
percent nitrogen fertilizer 
lYi 100-pound bags of 20 
percent superphosphate 
2 100-pound bags of 60 
pKircenl muriate of potash 
22 pounds of yellow sulfur 
330 pounds of tipsom salts 
93 pounds of limestone 



Iron 

Fe 


Essential 

Manganese 

Mn 

0.3 

trace 

Boron 

B 

0.06 

elements 

Chlorine 

Cl 

Trace 

needed in 
small 

Iodine 

I 

Trace 

amounts 

by 

Zinc 

Zn 

Trace 

plants 

Copper 

Cu 

Trace 


Molybdenum 

Mo 

Trace 


2 pounds of nails 
1 pound of potassium 
permanganate 

i^-pound box of common borax 
Enough in the rainfall 
1 -ounce bottle of tincture 
of iodine 

The shell of one dry-cell 
battery 

25 feet of No. 9 copper wire 
1 ounce of sodium or 
ammonium molybdate 


• ThP analvses for nilrogcn, potassium, phosphorus, magnesium and calcium were made on corn a! 
I Ind in 1938 1939 and 1940. The other figures are from various sources. The composilion of 

coVn’'plants vari« T soils of different levels of fertility, and that of other types of crops vartes from 

that of corn in minor details. 


Evidently plants require vital nutrients in widely differing amounts. 
Each substance also has its own peculiarities. Some, for example, may 
be present in the soil in plentiful quantities yet be unavailable because 
they are tied up in chemical compounds that the plants cannot use. 
In order to have a better understanding of what these nutrients ‘lo 
plants and why plants may starve for lack of them, let us review a few 

facts about each. 

WATER (H 5 O) 

From the rootlets that reach into the soil to the tips of the most 
remote leaves, a plant is one continuous water pipe. The solid structures 
of plants are made up of cells filled with delicately organized gel-li e 
substances (colloids) that have a great attraction for water. This attrac- 


WHY DO PLANTS STARVE? 


3 


tion pulls water into plants with such a strong force that almost 99 per- 
cent of certain parts of cells may be water — water that has been ex- 
tracted from soil bearing perhaps only 15 or 20 percent moisture by 
w^eight. Plant root hairs absorb nearly all of the w^ater taken from the 

soil. 

The water system in a plant is the medium through which nutrients 
pass, whether upward from the roots or downward from the leaves, to 
the proper plant compartments. Here they are built into such foods as 
sugars and amino acids (the building materials of protein), which in 
turn are transformed into cellulose and other compounds that make up 
the solid structures of the plant. Any by-products or excess materials 
can be carried out of plants by water and excreted back into the soil or 
into the air. In fact, roots give off carbon dioxide that in solution with 
water forms a weak acid that aids in dissolving minerals in the soil. 

The normal functioning of a plant cell depends on an adequate intake 
of water so that turgor ( normal tension or rigidity ) can be maintained 
and the tissue-building process can proceed. Since water is continually 
passing out of a plant, as water vapor through the stomata or breathing 
pores of the leaves, turgor depends on the maintenance of a delicate bal- 
ance betw'een intake of w'ater through its roots and outgo through its 
leaves. Cell sap contains various salts that exercise a water, so 

that it passes from a zone of low salt concentration in the soil to one of 
high salt concentration inside the plant cells, a process called osmosis. 
An excessively high salt concentration in the soil near the roots, resulting 

from too localized an application of fertilizer, or from saline or alkali 
salts in dry regions, may upset this process and cause plants to lose 

water to the soil instead of absorbing it. The turgor of their cells then 
decreases and the plants wilt. 

Any slight decrease in turgor upsets the machinery inside the leaf, and 
some symptoms that resemble malnutrition may show up. Thus, the 
appearance of plants may suggest shortage of nitrogen, potassium, or 
some other element. In fact, actual starvation may occur, for conditions 
that cause plants to suffer for water also may affect the availability of 
nutrients and their accessibility to the roots. Roots are dependent on 
the movement of plant nutrients in the soil moisture. The movement of 
nutrients in the soil decreases as soil moisture becomes depleted. 


OXYGEN (O) 


Fortunately the earth is blessed with a liberal supply of oxycen, w'hich 
is as vital to plants as it is to man. Orowers seldom realize that approxi- 
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mutely 50 percent of the dry matter in plants is oxygen. It combines uith 
the other elements shown in the list to form oxides and complex organic 
compounds. When a plant is functioning in lull vigor and health, a shift- 
ing and balancing of o.xygcn occurs between elements that arc being 
rearranged into plant-tissue parts. This shifting of the oxygen is called 
oxidation when it involves adding oxygen, and reduction when it involves 

taking away i>f oxygen. 

In certain reduced forms, some elements become poisonous to plants. 
Two such poisons that are very common arc the nitrites and sulfites. In 
their oxidi/ed forms -that is, with oxygen added these become nitrates 
and sulfates, which are nonto.xic. In general, reduction of compounds is 
as necessary as oxidatiim in healthy plants, because Mime compounds, 
such as the 'nitrites, are reduced still further for use in building proteins 

Any upset in the balance of oxidation and reduction, resulting from 
an unbalance in nutrients taken into the plant, will show up as an 
unhealthy symptom. Potassium may be mentioned as an important ele- 
ment atfecting the oxidizing and reducing prcH;esscs. When insulhcient 
ptitassium is present in a plant, vuch as corn, iron is made inMiluble by 
excessive oxidation and accumulates in the nodes. 


CAXBON (C) 

Carbon appears in many forms in the physical world; as pure crystal- 
line diamonds, as graphite in “lead" pencils and axle grease, as coal and 
sixH. and as carbon dioxide that gives sparkle and fi/z to Mxla water In 
plants, it is a "brick" in the cell walls of tissue, a csimponent of sugar, 
an atom in the flavor of juices, a part of the structure of color, and even 
an clement in the fragrance of blossoms. In fact, carbsin is the keystone 
of all organic .substances. Before life could occur, carbon had to be 
organized into many of its thousands of combinations with other 


dements. 

Carbon is pulled out of the carbon dioxide of the atmosphere and 
built into these extraordinary structures by the energy of the sun acting 
on the green sacks of chlorophyll in the cells of the leaves. This ls a 
master work not yet duplicated by man. Whenever a plant is unable to 
perform this construction job with carbon because of a shortage of 
some element necessary to the process, or because of an excess from 
which an unbalance sometimes results, some symptom of abnorma 


functioning may appear. . 

People seldom appreciate that plants must use carbon for t r 

growth in the large amounts listed. The air contains only about 3 one 
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hundredths of 1 percent of carbon dioxide; thus, vast volumes of air 
must be worked over by plants in order to obtain enough carbon in the 
form of carbon dioxide. In fact, if the air were richer in this substance, 
plants could grow faster and bigger than they now do. The plants of the 
coal age grew' bigger than modern plants, and some geologists hold to 
the theory that the atmosphere was richer in carbon dioxide then than 

now. 

NITROGEN (N) 

Modern farming practices are generally nitrogen-depleting. When 
America passed from the Indian* to the white man, the storehouse of 
nitrogen in the organic matter of forest and prairie soils w'as opened for 
rapid emptying. In the warm climate of the South the emptying did not 
take long; in the cooler North it has been a slower process. Crop produc- 
tion today depends largely either on restoring organic matter to the soil 
in order that, through decay, it may furnish a revolving supply of nitro- 
gen for crops, or, on a supply of nitrogen in the form of fertilizers. Both 
procedures are necessary for practical reasons. 

About 75 million pounds of nitrogen are found in the air above every 
acre of land and sea, but to most plants it is as useless in this gaseous 
form as sea whaler is to a thirsty man. This atmospheric nitrogen must be 
combined w'ith oxygen, carbon, or hydrogen before it is of any use to 
growing plants. Some bacteria, such as those in nodules on legume roots, 
are able to perform this miracle. The chemist too can “fix" atmospheric 
nitrogen in fertilizer forms. Nature stored nitrogen in forms available to 
plants in relatively small amounts in the organic matter of virgin soils, 
but the process was a slow one. Great reliance now must be placed on 
chemical fertilizers. 

Plant roots take up nitrogen in the form of ammonium and nitrate 
ions in soil w'ater. Inside the cells these ions are converted into amino 
acids, of which there is a larger number. The amino acids are recom- 
bined to form proteins. Any unbalance, w'hether from insufflciencv or 

•f 

excess, in the supply of nutrients will upset this process. Since nitrogen, 
the most important plant-food element in proteins, is used in such 

large quantities, a deficiency is very common in plants grown on 
upland soils. 

PHOSPHORUS (P) 

The threads (chromosomes) in plant ceils that are responsible for 
subdivision and growth contain phosphorus. If the supply is scanty, the 
rate of cell division is slow’ed down and the plants remain stunted and 
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unavailable pfUasNium in the soil for the use of plants. In view of the 
larjie amount needed, clearlv the fertilization of soils b> adding available 
potash is an operation plant growers must practice tor abundant and 

healths growth. 

It scetns strange that plant^ should need no much potassium sshen, so 
tar as is now knossn, they do not build it intv> the structure of any of 
their parts. A plant vsill hold its pcstassium salts from being w'ashed or 
leached out as long as it is livings but as soon as it is killed b\ culling or 
anv other cause, the potassium, no longer held, will be washed out 
readil), for example, by rain on dried hay or corn shocks. Some potas- 
sium salts also will move from the plant back into the soil as the plant 

matures. 

Not much is known about the function of potassium in plants. More 
is knovsn about what happens to a plant when this element is deficient. 
From such information, theories are advanced that potassium enhances 
the plant's abilits to resist disease, cold, and other adverse conditions, 
and that it functions in the processes whereby sugars are made from car- 
bon dioxide and water. In some manner it acts as a condenser in focus- 
ing the energs of the sun to a point where these two compounds w'ill 
combine. 

Potassium starvation is so common in most of the important crops 
that all growers should know its symptoms. 


SULFUR \S) 

Sulfur is a major plant nutrient that rarely has been in the spotlight. 
Plants frequently contain more sulfur than phosphorus, calcium, or mag- 
nesium. yet we seem to be better acquainted with the latter elements in 
their clTect on crop production. Pass a cabbage field w'hen it is thawnng 
after a killimi frost, and the smell of hvdroeen sulfide coming from the 
decomposing leaves will be a potent reminder that sulfur is ver\' much 
a part of health} plants. 

hen \ellow sulfur burns, it is converted into sulfur dioxide ( SO. ), a 
gas that has a chiAine. stineini: effeci if inhaled bv humans, and is useful 
as a refrigerant in automatic ice boxes. In the soil, sulfur may be oxi- 
dized and then combined with basic ions, such as calcium, potassium 
and ammonium, to fi^rm sulfates. Sulfur is useful to plants as sulfates. In 

plants, some of the sulfur is built into cystine, an amino acid that forms 
protein. 

One of the sulfates is calcium sulfate, or gypsum (also called land 
plaster or plaster ). Legend has it that Benjamin Franklin spelled out 
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the word “gypsum" on the soil ot a hillMde m Pennsylvania with calcium 
sulfate and for a time the letters stood out m bold contrast because the 
plants in them were stimulated in growth. At a later date, accairdmg to 
reports, the word still could be seen, not because the plants were making 
better erowth but because they were making pixn growth where the 
gypsum^ had been added. Probably the increased plant growth following 
the application of gypsum e.xhausted the soil of other plant-linKl ele- 
ments, such as potassium and phosphorus, until it was less fertile than 
if it had not been untreated. Examination of these plants for nutritional 


starvation symptoms would have been interesting. 

Another common sulfate is ammonium sulfate, a by-product of the 
steel, coke, and gas industry. It is used as a fertilizer primarily because 
it contains about 21 percent nitrogen in the ammonia form, but it also 
contains 25 percent sulfur. Superphosphates made in treating rock phos- 
phate by the sulfuric acid process contain much sulfur in the form of 
calcium sulfate. Some potash is produced and used as a fertilizer in the 
form of potassium sulfate. Thus, sulfur has found a free ride back to the 
soil. The cost usually has been charged to the other plant-food nutrients 

Rain also returns as much as 10 pounds or more of sulfur per acre to 
the earth annually. This is picked up by atmospheric moisture from 
smoke produced by burning fuel that contained some sulfur. In regions 
where little or no sulfur-containing fuel is burned, sulfur for plant use 
may be deficient. Decaying organic matter also releases small quantities 


of sulfur into the air. 

Some soils (including those of volcanic origin) formed from rocks 
containing little or no sulfur, are deficient in this element. .Sulfur contain- 
ing fertilizers or soil amendments are essential for healthy crops on 

such soils. 

Plants that have insufficient sulfur show characteristic symptoms that 
may resemble those of nitrogen starvation. 


magnesium (Mg) 

Ordinarily crops contain more calcium than magnesium. Differences 

vary with crops and soil composition. 

We owe the beauty of a green world of vegetation to magnesium, t 

is the key element in chlorophyll molecules, the green pigment in plants 

that traps the energy from the sun and makes plant life possible. i'' 

pigment starts the chain of events in food and fiber production that 

begins with green plants and goes on up through animals and man. 
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Mstgne^m i* credited v^ith being a companion of phosphatCN; it 
combiner »ilh pho»phate« so that the latter can be moved to their proper 
places to the plants in the form of magnesium phosphate compounds. 
Th» bond of attraction still has Mme mysterv about it and assails addi- 
ttofial research to be better understood 


CAtCilM* ICai 


The carbon dtoside in the soil sulutioo makes it a potent solvent for 
calcium compouivds; thus, calcium is leached out of the soil as calcium 
bscarbonaie and 6<»il acidity is increased. Large amounts of calcium and 
sndiuni have been earned into the oceans. Sea ivater is salty from the 
accumulation of sodium salts, it vsoukl be milky from the accumulation 
of calcium salu, if most of the calcium had not been removed from the 
v»aier and built tntii the shells of marine animals to be deposited on the 
ocean berttom. This is an interesting esample of hovk calcium is used by 
antmah to build bony matena'. In plants, cakium is built into cell walls 
lo form a protective “sieve** for nutrients to seep through 'm passing into 
cells. It also acts as a cement hetsveen the svalls of cells to hold them 



wither. 

As the cell processes develop the complex substances in plants, 
tome organk-aetd by>pr«sducts are formed that would be harmful in ex- 
cessive amounts were it fK>i for the neutrali^ng effect of calcium. Oxalic 
acid, for example, is converted to cakium oxalate Cakium in plants 
seems m exHt tn a sensitive balance with magnesium, potassium, and 
possibly htvron. Any upset in thh balance, due to an excess or a lack of 
these ckhlenlv, resultv in abnormal performance of plant furKlions. An 
apparent excess of cakium in a plant may actually result from a lack of 
one or more of these other elements, and the remedv mav be addition 
<1 the dehc*ient eknidot or dements instead of cutting down on cakium. 
tiTularlv, an apparent exeess of potassium, magnesium, or boron may 
really be a dcfictcTKy of cakium. 


Plants nerd very link iron, yet it r a most etaential ekment. The top 
b inches *vf the soil may contain 20 tons or more of iron per acre a.s 
iron oxide fFe^Oit yet occasionally on iron-rkh soils plants starve 
tor lack of ihrs dement In acid soils, iron usually is available to all 
gUntv. but in lome neutral or alkaline soils it is so insoluble that 
sis may^ have diffkul'ty in absorbing enough. Again, where excesstvT 
amounts of veduhk phosphates are added to the soil, the iron in it mav 
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be made unavailable to plants by being precipitated as insoluble iron 
phosphate. This may happen in acid as well as in alkaline soils. Iron 
deficiency is more likely to occur in sandy than in clay soils, because 
the latter have greater power to fix or “lock up*’ excessive soluble phos- 


phates. 

The chlorosis that develops in plants starved for iron is associated 
with failure to form chlorophyll, yet iron has not been shown to be 
built into this pigment. For the present we must accept the fact that 
iron is associated in some way with the making of chlorophyll. 


MANGANESE (Mn), BORON (B), ZINC (Zn), COPPER (Cm), and MOLYBDENUM (Mo) 

These elements sometimes have been called the minor elements 
because they are required by plants only in trace amounts. This docs 
not mean that they are not vital to the well-being of plants, for their 
need is all that the word “vital" implies. Fortunately, they occur in 
sufficient quantities in most soils but supplementary applications of one 
or another of them is of major importance in the growth of some crops 

on some soils. 

A lack of sufficient manganese or boron is most likely to be associ- 
ated with calcareous or heavily limed soils, and with alkaline soils of 
the drier regions. When either of these essential elements is lacking, 
the plant is just as handicapped in performing its normal function as 
when it is starving for one of the major elements. 

Manganese seems to act as a two-handed (double-valence) recep- 
tion committee, of which zinc and copper also are members, to greet 
the other nutrient ions as they enter the plant cell and to direct them 
to their respective positions where they carry out their functions in the 
plant. Another way to describe this is to say that these minor elements 
act as catalysts. Manganese is most likely to be deficient in dry regions, 
and may be present in toxic amounts in strongly acid soils. 

Boron seems closely related to some function that calcium performs 
in the plant. Whenever the proportion of calcium to boron becomes 
unbalanced because of a a deficiency of boron, the terminal growing 
tips of plants fail to develop properly and other characteristic boron- 
starvation symptoms become evident. If this calcium-boron balance 
becomes upset because of a shortage of calcium or an excess of boron, 
a different type of injury to the plant is likely to result. Thus both a de- 
ficiency and an excess of boron produce characteristic symptoms. Boron 
deficiency occurs on alkaline soils of dry regions and also on calcareous 
(lime) soils of humid regions. 
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Zinc is required by all plants for normal growth, but the amount 
needed is very small, about one-one hundredth as much as the amount 
of phosphorus. In alkaline soils, such as those occurring in regions of 
limited rainfall, the amount of available zinc may be so low that sensi- 
tive crop plants suffer. Such plants as corn, beans, sorghums, cotton, 
tomatoes, and potatoes may be badly stunted unless zinc sulfate is pro- 


vided in amounts of about 1 pound per acre. Zinc has been found to be 
effective in treating some physiological diseases, but not much is known 


about its action in plants. Zinc also has been found a necessary additive 
to certain soils, especially those of the Gulf Coast States and California. 

Copper in sufficient quantities to supply plant needs has not been 
found lacking in upland soils that are low' in organic matter. Need for 
copper appears to be associated with high organic-matter content soils, 
particularly peat soils that are alkaline and contain appreciable quanti- 
ties of ferrous iron. 

Molybdenum is the element most recently discovered to be essential 
to plant grow'th. Very small amounts are needed; 1 to 4 pounds per 
acre in the form of sodium or ammonium molybdate is adequate. 
Molybdenum compounds are unavailable on acid soils. However, some 
neutral or alkaline soils may be so low in molybdenum that plants 
grown on them are deficient. Nodule bacteria of legumes are dependent 
on molybdenum, and a deficiency causes legume plants to become light 
green which is typical of nitrogen starvation. 

An important point regarding these trace elements, and perhaps 
others, is that if present in quantities larger than plant needs they are 
likely to be toxic or poisonous, yet actual quantities still may be small. 


Excessive as well as deficient amounts produce characteristic symptoms. 


ENVIRONMENTAL FACTORS INDUCING SYMPTOMS 

Plants are things that have taken a long time to develop. They are 
complex systems of life that have evolved slowly from more simple 
forms. In Nature's laboratory, plants have had to adapt themselves to 
competition from other species, as well as to fit in with a lot of external 
forces, such as variations in soil, temperature, light, and disease. Through 
breeding, man has intensified certain aspects of plants, but basically they 
will grow at an ideal rate only when every external factor is most favor- 
able. This is the ideal for which we strive, because any departure from 
it affects our economic interests. Therefore, we are concerned not only 
with shortages or excesses of the vital plant-nutrient elements but also 
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The soil is the storehouse that dishes out water, minerals, and nitro 
gen to plants through their roots I nfortunalely plant roots have to 
grow into this storehouse to pick up the mineral nutrients as if the\ 

shelves. In other words, these mineral nutrients do not move 
mueh in the soil solution; only nitrogen as nitrates can move freely m 
soil waters. Therefore, the physical condition of a soil is such that plant 
roots cannot travel everywhere in it freely, real starvation can result 
altliough it may be w'cll slocked with nutrient elements. So do not over- 
look the importance of soil structure and drainage when diagnosing plant 


nutrient needs. 

Nature’s way of meeting the requirements of ideal soil tilth was to let 
organic riiatter accumulate. Much of man’s trouble with his plants has 
resulted from use of too many practices that destroy soil organic matter. 
The surest way to efficient plant feeding is to return a lot of vegetable 
matter to the soil. That will open all the feeding trails to the roots, and 
the organic matter in itself is food for healthy and friendly micro- 
organisms that bring insoluble plant nutrients into solution and keep 
some root diseases in check. Organic matter also improves soil structure 
in such a way that the available supply of water in soils is greatly in- 
creased. There is more magic to organic matter than science has yet 


shown. 


TEMPERATURES 

Every farmer knows that spring growth is poor until the soil warms 
up. This is due in part to the fact that little or no available nitrogen 
can be made from the proteins in soil organic matter until the soil is 
warm and full of free oxygen brought into the soil by warm spring rains. 
Regardless of type or organic-matter content of unnitrated soils, in cool 
humid climates grasses and grains starve for nitrogen until the soil be- 
comes warm. Thus, nitrogen starvation usually occurs as the first limit- 
ing nutrient factor to plant growth over wide areas, even though later 
in the season nitrogen may become adequate w^hile other factors become 

limiting. 

Air temperatures also have profound effects on plant performance. 
On the one hand, plants make carbohydrates through photosynthesis. 
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WHEN DOES SOIL STARVATION START? 

Man has become accustomed to certain magnitudes of crop yields 
that may be merely results of limitations imposed by nature. For ex- 
ample, nitrogen starvation that occurs on high-organic-content soils 
in cool spring weather limits total yields. Man with his scientific knowl- 
edge is not satisfied with this limitation, so he sets out to correct a 
condition that in the past he has accepted as unavoidable. We have 
accepted that plants grow to a certain size when all soil nutrients are 
adequately supplied, when in fact they may be starving for carbon 
dioxide or even sunlight. So we see that starvation is a relative term. 
Acceptance of some starving may be necessary since we may not be 
able to correct it economically but unfortunately we frequently accept 

starvation conditions that can be readily corrected. 

Starvation symptoms usually appear long after hunger actually be- 
gins. Much damage to growth and yield usually has occurred when a 
specific symptom shows up. Why then read hunger signs? Because 
they give us knowledge of what the troubles are so that in many cases 
we can correct them at once, and in all cases we can alter treatments 

for next year's crops so as to correct handicaps. 

"Hidden hunger" is the term sometimes used to describe a condi- 
tion where deficiency symptoms are not visible but plants are not 
thriving as they should because the amounts of available essential 
nutrients will not support greater growth. Hidden hunger may greatly 
reduce yields, and also the quality of crops without the plants show- 
ing deficiency symptoms. For example, the difference between 75 and 
1 25 bushels of corn per acre, between 300 and 500 pounds of cotton 
lint, or between ordinary fruit and fruit of high flavor and keeping 
quality may be the difference between apparently normal crop plants 
that are actually suffering from hidden hunger and others which are 
truly well-fed. Supplementation of supplies of nutrients in soils with 
suitable fertilizers, in sufficient amounts to fully meet needs for plant 
growth has become the standard method of increasing yields and quality 
of crops. It not only corrects hunger signs but also corrects hidden 

hunger for essential nutrients. 

TESTING PLANT TISSUES TO DETERMINE NUTRIENT STATUS 

Since plants may have inadequate contents of one or more nutrients 
while deficiency symptoms are uncertain or undetected, chemical tests 
of leaves or leaf stalks (petioles) to determine needs for nutrient 
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supplements are useful. Leaxes or petioles selected for testing come 
from voung, fully developed leaves that are actixely functioning in 
plant metabolism. By comparing results of chemical tests of leaves on 
plants being tested with standards developed from healthy productive 
plants, these plant tissue tests rex'eal any deficiencies present. Certain 
tissue tests have been simplified to the point that they may be easily 
taken to the field for testing plants in different areas and in different 
stages of development. Such field tests should be supplemented by 
more precise laboratory tests, particularly xv^here the content of any 
essential element appears to be deficient or in such excess as likely to 
become toxic. These tests are particularly useful on fruit trees and on 
vine and cane fruits. However, they are applicable to nearly all crops, 
as a means of supplementing visual hunger signs; thus they serve as 
guides to practices that insure optimum nutrient supplies. 

SOIL ACIDITY AND ALKALINITY 

Soil acidity is mentioned here because it greatly affects the behavior 
and availability of most plant nutrients. Groxvers of crops should under- 
stand what soil acidity is and hoxv it is measured. 

The principal acid in soils is not hydrochloric, nitric, or any other 
of the common drug-store acids. Such acids are soluble, easily wash 
out of the soil, and do not accumulate. Hoxvever, acidity is known to 
increase xvith prolonged movement of rain water through the soil. 
This comes about because the main soil acids are themselves the colloi- 
dal particles of clay. They are insoluble and accumulate as soil 
xveathering processes progress. 

Clays do not wash out of soils by leaching, but the alkaline ions of 
calcium, magnesium, potassium, and sodium that xvere fastened (ad- 
sorbed) to the surfaces of clay particles in the virgin state become 
loo.sened and wash out of the soil. When clay particles are saturated 
xvith a mixture of calcium, magnesium, potassium, and sodium ions, 
the soil has no acidity and is alkaline, some say, “sxveet'' (the term 
"sweet" is incorrect and should not be used). When these alkaline 
nutrient elements are leached out they are replaced by hydrogen, the 
acid element (H) of soil carbonic acid (H.O + COj = H-CO:u car- 
bonic acid ) . This hydrogen is absorbed to the spots on the clays from 
which these alkaline elements have been removed xvith the result that 
the clay becomes a hydrogen clay and the soil becomes acidic. 

Other soil acids occur, such as organic acids produced by decom- 
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posinu vegetable matter, but the clay acid is dominant m acid sods. 

Since clays in soils carry tlie principal acids, a heavy sod with a great 

deal of clay has more acidity to be neutralized by liming than a sandy 

soil with only a small amount ot 
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Figure 1. The pH scale, showing the ranges 
oracidity and alkalinitx at which crop plants 

grow. 


in It. 

The strength (intensity) of 
acids IS staled spmcwhal like the 
size or gauge cd w'ire, in which the 
smaller the number in the scale the 
heavier the wire. The range of soil 
acidity is called the pH scale (fig- 
ure 1 ). Here too the smaller the 
pH value the stronger the acid. 
Thus, a pH of 4.0 is about the ex- 
treme acidity for any soil. A pH 
of 7.0 is neutral, and above pH 
7.0 a soil is alkaline and may con- 
tain free lime. 

Its pH value indicates the inten- 
sity or strength of an acid but tells 
nothing of the amount or quantity 
that may be present. Let us con- 
sider vinegar, a weak acid in com- 
mon use. It has a pH of about 2.0 
whether you have a quart or a 
gallon, but it will take 4 times as 
much limestone to neutralize a 
gallon as it will take to neutralize 
a quart. In a similar way. sods 
may have the same pH value and 
still differ greatly in lime require- 
ments. A sandy loam with a clay 
content of 12 percent would not 
require much lime to change its 
acidity from pH 5.0 to 6.5. but a 
clay loam with a clay content of 
24 percent would require about 
twice as much lime to produce the 

same change in pH. 

Few crop plants will grow be- 
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low pH 3.5 or above pH 9.0. The most favorable pH range for most 
crop plants is from 6.5 to 7.5. 

soil ALKALINITY 

Soils in semiarid and arid regions often have a pH above neutral, 
and pH values above 8 frequently cause malnutrition in plants. When 
evaporation is high and rainfall is low, soluble salts tend to accu- 
mulate, a condition which produces high alkalinity. Irrigation may 
increase this tendency for soluble salts to accumulate in the soil and 
on the surface, particularly if internal drainage is inadequate. These 
salts, called alkali, provide an excess of sodium, calcium, magne- 
sium, and potassium in combination with chlorides, sulfates, car- 
bonates, and bi-carbonates which often become toxic to plants. When 
sodium carbonates and bi-carbonates accumulate to the point where 
a pH of 8.5 or above is produced, the soil organic matter tends to 
dissolve and produce “black alkali * which is highly toxic to plants. 
Establishment of internal soil drainage, and treatment with gypsum 
or sulfur, aids in reduction of black alkali. 

The soil reaction (acid-neutral-alkaline) has a pronounced effect 
on the availability of plant nutrients present in soil. The general in- 
fluence of soil reaction on the availability of plant nutrients has been 
summarized by Truog, as shown in figure 2. The width of the bar in- 
dicates degree of availability. A pH of 6.5 to 7.5 provides the best 
general status as to availability of essential nutrients in the soil. (E. 
Truog. Soil Science Proceedings 11:305-308. 1946) 

SOIL ACIDITY 

Strongly acid soils not only reduce availability of phosphorus, 
potassium, sulfur, calcium, magnesium, but such soils may contain 

so much soluble aluminum and manganese that plants may be in- 
jured. Aluminum is not an essential element, but it is generally 
present in soils, and becomes soluble as acidity increases. Soluble 

aluminum is directly harmful to plant roots, and indirectly harmful 

because it precipitates phosphorus and creates a deficiency of that 

element. Manganese is required by plants in very small amounts, but 
when present in larger quantities it may be toxic. Liming to raise the 

pH of acid soils to 6.0 or above will prevent aluminum and manganese 
toxicity. 
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HOW SOIL pH AFFECTS AVAILABILITY 

OF PLANT NUTRIENTS 



r 



C(>urtcsy of Plont I tHnl Institute 

Ficurc 2. Effects of soil reaction on availability to plants of soil nutrients tatter Tniog). 
The uidth of the bar determines the relative availability ot each element with a c angt m 
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WHY READ THE HUNGER SIGNS? 

Information about the functions of the various nutrient elements 
in plants has been obtained by scientists largely through carefullv 
conducted experiments in ticlds, greenhouses, and laboiatories. 

Most intensive studies of the lundamental nature of plant nutrition 
have been made in greenhouses, with soils in pot tests and \'ith nu 
trient-solution cultures, in which the plants were groN^n directly 
solutions or on sand or gravel to which nutrient solutions had been 
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added. Field experiments have been used chiefly for testing the prac- 
tical and economic aspects of fertilizers. 


CORRECTING '"HUNGER SIGNS" 

By the time plant symptoms of a nutrient deficiency are clearly 
identified, much damage to the crop often has occurred. However, 
prompt treatment may produce remarkable results. Spraying crop 
leaves with dilute solutions of compounds bearing the deficient ele- 
ment is the most rapid corrective measure. Wherever very small 
amounts are needed, as of the "trace elements, iron, manganese, 
boron, zinc, copper, and molybdenum, such sprays may largely cor- 
rect deficiencies in current crops. The more promptly the appropriate 
element is applied, the less will be the damage, and the more effective 
the response. In recent years, use of “chelated compounds of these 
trace elements has increased since the chelates are more readily ab- 
sorbed by plant leaves. Obviously, determination of the specific ele- 
ment needed and the concentration of spray to produce results with- 
out burning the leaves is important. 

Amounts needed of the major elements, nitrogen, potassium, cal- 
cium, magnesium, and sulfur, usually are greater than may be effec- 
tively supplied as leaf sprays. In the case of cultivated crops, supple- 
mental feeding may be done by application of solid or liquid 
fertilizers as side dressings with a cultivator as soon as the deficiency 
is identified. Such treatments are less effective on orchards or other 
perennials because of the time needed for compounds to enter the 
soil, to be absorbed by roots, and to be transported through the plants. 

Nutrient needs of crops may be met by use of dry, solid fertilizers 
to supplement supplies already in soils and meet the needs of the crop 
being grown. Although solid fertilizers are widely used, liquid fer- 
tilizers also are feasible. The earlier forms of liquid fertilizers were 
carriers of nitrogen, but complete liquid fertilizers, carrying nitrogen, 
phosphorus, and potash, are now becoming common. Accurate ap- 
plication of liquid fertilizers requires special equipment, but the effec- 
tiveness of fertilizers applied as liquids is generally equal to that of 
solid fertilizers. 

SOIL TESTING FOR PREDICTING NUTRIENT NEEDS 

Rapid soil testing is in wide use to determine the status of soils 
before crops are planted, and during the growth of perennials. A 
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soil sample representative of that in a field is exceedingly important 
if reliance is to be placed on the results of its analysis. Directions for 
obtaining such samples are provided by laboratories set up to make 
quick soil tests and to interpret results. Testing usually begins by 
determination of soil reaction (degree of acidity or alkalinity), an 
of lime requirement for correcting acidity when present. The nitro- 
gen supplying power of a soil is not determined directly but is in- 
ured from its organic matter content, its pH, its texture and struc- 
ture, and the crops previously grown, plus any animal manures that 
have been applied recently. However, rapid soil tests will reveal cur- 
rent supplies of phosphorus and potassium, expressed as very low, 
low. medium, high, or very high. Tests also may be made for cal- 
cium and magnesium, and the relative amounts of these m relation 
to each other and to potassium often are important. Contents of essen- 
tial "trace" elements may be determined spectroscopically, but these 
methods are complex; resort to such tests often is limited to soils on 
which deficiencies in these elements are strongly suspected. 

Interpretation of quick soil tests requires an understanding of the 
characteristics of the kind of soil being tested, the temperatures and 
moisture supply expected during the growing season, and the specific 
nutrient requirements of the crop to be grown. Obviously, success 
in making recommendations based on chemical soil tests depends on 
actual field trials that have been made to determine just what each 
level of supply indicates as to the amount of lime, fertilizer, or soil 
amendment that should be applied for- best plant growth. Established 
laboratories have a rich background of experience for this kind ot 

interpretation. • c u u 

Whenever hunger signs develop on plants growing in fields where 

soil tests have been made, the test results are exceedingly useful in 

identifying the related status of other nutrients. Causes of hunger signs 

often are more complex than a deficiency of a single element. 


FERTILE SOIL CUTS COST OF FARMING 

Hardly any farm lands exist in the well developed regions of the 
world where native soil fertility will produce crop yields sufficient to 
make production profitable. Agricultural soils usually must receive 
fertilizers to increase nutrient supplies, and in humid regions lime o 
correct soil acidity. Production of harvested crops and of animals on 
grazing lands at profitable levels is dependent on maintenance o soi 
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productivity through wise management of the land by its operators. 

Although use of fertilizers is now nearly universal in humid and 
irrigated regions, a great many farms still are being operated at such 
low soil fertility levels that production is limited to the point of little 
or no net income. Any system of cropping or grazing removes sub- 
stantial amounts of nutrients from the soil each year. Unless these 
withdrawals are restored by application of fertilizers, crop and pasture 



Courtesy of R. E. Hodgson, Animal Husbandry Research Division, U.S. Dept, of Agri. 


Figure 3* Cow showing severe deficiency of phosphorus. This cow subsisted on low-phos- 
phorus forage on a Texas ranch where the soil phosphorus is very low. On such land, 

phosphate supplements are required for normal growth of livestock. 

growth will decline. In addition, nutrient supplies of soils must be 
raised to the point where plant growth can make full use of the free 
sunlight, rain, and warmth. 

One basic principle of good farm management is that net profits 
generally increase with higher per acre yields, particularly when higher 
yields are the result of supplying nutrients in such amounts and ratios 
as to fully meet the growth capacities of the crops grown. 

Thus, when corn yields are limited to 50 bushels per acre by low 
fertility, the value of a harvested crop may barely equal its total cost 
of production, a 75-busheI yield may provide a modest net profit, while 
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1 00 bushels will assure even higher net returns. The same principle app les 
to small grains, to cotton, to silage, to hay. and to pasture. Higher per 
acre yields are necessary for substantial net profits. The costs of light, 
rain and warmth are negligible: and maintaining higher soil fertihty to 
capitalize on nature's free gifts brings rewards for good soil and crop 

manasenient. 

How to set up and maintain a profitable production program now is 
well understood. First, the total nutrient requirements of each crop for 
hiaher Yields is known. Calculation of total nutrient supplies needed for 
the higher crop yields desired, such as 100 bushels of corn, or 4 tons of 
hay is relatively simple. Second, rapid chemical soil testing reveals the 
nulnent supplying power of the soil. Third, contributions manure 
applications and of sod plowed under, are readily estimated. Fourth the 
difference between the crop's requirements and the amounts of each nu- 
trient supplied by manure or sod, plus that left in soil from the previous 

crop, must be provided as fertilizers. 
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Figures 5 and 6. Above: an example 
of nutritional anemia. Right; the same 
calf after receiving iron-copper supple- 
ment and bonemeal. While only a 
trace of copper is needed by plants it 
is now known that animals also need 

this trace. 


Cotirtesy of Florida 
A f^ricuitural Fxpcriwettt Station 


Satisfying the full nutrient requirement of each crop is the gateway 
to higher per acre yields and higher per acre profits. Fertile soil cuts the 
cost of producing each bushel, ton, or unit of feed, and thereby increases 
total net farm profits. 


RELATIONSHIP BETWEEN PLANT AND ANIMAL NUTRITION 

All animals, including man, are dependent, directly or indirectly, upon 
plants for their food. Animals fed on mineral-deficient plants are poor 
themselves and the products that they furnish are of low quality. 

Cows which graze on lands deficient in phosphorus, for example, lack 
an essential element, an element they need for healthy bones. The early 
symptoms are hard to see, but the later stages are plain enough. (Figure 

3.) 

Cobalt is not known to be needed by plants, but animals produced 
on feed deficient in cobalt are weak, and they have rough coats and poor 
muscular coordination. (Figures 7 and 8.) 

Iodine is another element needed by animals but not known to be 
needed by plants. However, since most minerals are needed bv both 
plants and animals, the problem of plant and animal nutrition resolves 
itself into one of simply growing healthy crops. 
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I ieiire 7 A milk cow sutTering from coball dcficiencv I mriciaiton is due lo lack of ap 
pelile for gram and roughage. Cobalt is not known to be needed b> plants, but plants 

need tci otnl.iirr it lt> supply the needs of animals 



Figure 8. 


Courtesy of Dr. C. F. Huffman. MUhiyan State CoUetf 

The same cow as in figure 7, 1 6 days after starting cobalt feeding. 
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Nutrient Deficiencies in Corn, Sorghums, 
and Small Grains 


By & A K rontz and S. W. MeKted 


S dMi ONt has said, if starved plants could onlv squeal like hungry pig^^ 
we would pav iiuiie aiieniion to their teriili/er needs. 

F ields t>f health), vigorous plants indicate high soil fertilitv. However, 
when the available supply of anv i>ne i>f the essential mineral elenvenls 
hecomes cxliausied, gri>wih is seriouslv impeded. The svmptonis of a 
deficientv mav be regarded as the language plants use to indicate the 
nature t>f their distress t tigure 1 ). In some cases these symptoms alTord 
a better understanding of the nutrient relationships between soil and 
plant than can be obtained friMii detailed chemical analyses of the soil. 
Whenever possible, dominant symptoms oi nutrient deticiencies in crops 
should be translated into plans for corrective practices in soil manage- 
ment. 

\ isual symptoms of nutrient deficiencies are dillicull to interpret 
under field conditions because environmental factors constantlv affect 

40 

the plant. Prolonged pcruxJs of adverse gri>wing weather may harm 
corn or sorehum plants. Severe winters mav adversely affect winter 
grains. Insect and fungus disease may attack the leav'es of plants and 
cause damage marks difficult to distinguish from deficiency symp- 
toms Plants already weakened bv malnuirilion often are more severely 
attacked by discjM: and iriNCcls. or damaged by unfavorable weather, 
making po>itive identification of symptoms more difficult. For these 
reasons, detailed ^tudy of typical deficiency symptoms in plants under 
actual kni)wn, t)r controlled, conditions is necessarv. 

I# 

Siirnc crop plantN are better indicators of nutrient deficiencies than 
others ( orn and sorghum plants with their wide e.xpanse of broad leaves 


*, ^ « \?7“ ? F KKay orn Stweta#,. L'm.trMi* of Vp.cuJtur.l Fuension Service. 

” Pre»rs*'r ol vroon-n. I nivrrMv of lilinoi, G N Hortcr. Amencn Potash 
iWHutr. in. . oa, sowr of . vin-iUi vhaptei in the ptrvnas editions of "Hunfer Signs.” 
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are better indicators of changes in the supply of available nutrients than 
are small «rain plants with their narrow leaves. Thus, corn plants in rota- 
tion with other crops serve as excellent indicators of the fertility of the 
fields in which they are growing. This is especially true for nitrogen. 

potash and zinc. . r * ■ * 

Although small grains in the rotation also may show signs of nutrient 

deficiencies, their symptoms are. as a general rule, less striking an more 



Figure 


1. Learning ihe language of hungry corn plants is 

fertility problems. 


first aid in correcting your soil 


difficult to interpret than those for corn or sorghum. Late spring frosts, 
prolonged wet periods, or insect invasions often have damaging effects 
on the small grain plants and make it difficult to diagnose the disturb- 
ance as definitely due to malnutrition. For these reasons the symptoms 
shown by corn and sorghum plants will be discussed at length w i e t ose 

of the -small grains will receive only general attention. 

Experience shows that the use of simple semi-quantitative chemica 

tests for the detection of nitrogen, phosphorus, potassium, or magne- 
sium compounds in plant tissue can be a valuable aid m diagnosing nu 
trient deficiencies. When well nourished and in good health, p ants car . 
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reserves of these substances in their tissues during the active growing 
season, and the presence of such reserves is indicated by tissue tests. 
When the reserves of any of these nutrients become e.xhausted, the 
tissue tests are negativ'e and confirm the symptoms indicating deficiency . 
therefore, these chemical tests can become invaluable for use in the field 
when other complicating factors are involved. These tests can be used 
at any time during the growing season. 

Practical field experience, both in observing plants grown under 
known field conditions and in testing plants, is the best background 
training for the diagnosis of deficiency symptoms. Such experience, 
coupled with a good knowledge of the growth characteristics of the crop 
observed usually results in accurate diagnosis of the nutrient deficiency. 

NITROGEN (N) DEFICIENCY 

Nitrogen is the most universally deficient nutrient in nonleguminous 
plants. Corn, sorghums, and small grains are very sensitive to nitrogen 
supply and exhibit an easily recognizable deficiency symptom. Since these 
crops are grown all over the world, they provide a valuable indicator 
with which to identify nitrogen deficiency. Since nitrogen is deficient in 
most mineral soils, nitrogen fertilization and management is a key factor 
in food and feed production. Therefore, it is important that symptoms 
of nitrogen deficiency be recognized by agricultural advisors and growers 
throughout the world. 

Nitrogen enters into the composition of many organic compounds 
in the plant. As an essential element in protein, it is needed for the growth 
and development of all living tissues. Nitrogen is an important constitu- 
ent of chlorophyll, the green pigment of healthy leaves. A deficiency of 
nitrogen limits chlorophyll development and the yellow pigments become 
more prominent. Thus, the plant turns lighter green or yellow, depending 
upon the intensity of the nitrogen deficiency. 

The corn plant uses more nitrogen than any other fertilizer element. 
Nitrogen is needed by the corn plant throughout the growing season, but 
it is used in greatest quantity during the period of most rapid growth 
which extends from about 2 weeks before, to 3 weeks after tasseling. 
Sayre (37) found that daily uptake reached 4 pounds per acre and that 
about half the total nitrogen requirement was absorbed during this 5- 
week period. The nitrogen contained in a 125 bushel corn crop (3.5 
tons) varies greatly with soil fertility and variety grown, but averages 
about 1 60 pounds per acre. The corn plant is very sensitive to nitrogen 
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dead, it is difficult to diasnose the cause. An example of firing due to 
drought is shown in plate IB. An important difference between this 
and nitrogen firing is that it occurred on the upper as well as lower 
leaves of the plants. The plants shown in plate 1 B were adequately fer- 
tilized. 

If plants are observed during the early development of the symptom, 
it is easy to distinguish between nitrogen deficiency and dry weather 
effects. Figure 2 shows typical leaf roll associated with soil moisture 

deficiency. 

If the soil supply of nitrogen is 
relatively low, a mild drought may 
accentuate nitrogen deficiency. 

Drought can influence nitrates in 
two ways: first, during dry spells 
nitrates move up in the soil layer 
and out of the actively feeding 
root zone (26); and second, as 
the top soil dries out the zone of 
nutrient absorption by roots be- 
comes restricted. 

In sorghums, nitrogen defi- 
ciency symptoms are similar to 
those of corn. In young small 
grain plants, nitrogen deficiency is 
characterized by stunted spindly 
growth and yellowish-green foli- 
age, plates 12A and 13B. As the 

plants become older, interpretation of the symptoms become more dif- 
ficult because of confusion with symptoms of diseases and other causes. 

PHOSPHORUS (P) DEFICIENCY 

All plant cells contain phosphorus compounds. Phosphorus is 

necessary for cell division, in growing root and shoot tissue, and in 

developing seeds and kernels of grain. It is essential for all phases of 
plant development. 

Symptoms: Phosphorus deficiencies in corn, sorghum, and small 
grains are somewhat similar. Mild deficiencies usually are characterized 
by stunted growth but by no very clear-cut leaf symptoms; more severe 
deficiencies usually cause purpling or browning of the leaves, starting 



Figure 2 . Soil moisture deficiency affects en- 
tire plants. The leaves curl upward, wilt, and 

become very dry. 
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with the older growth and w-orking up the plant and from the tips of 
Z leaves inwafd. Eventually leaf tips start to die and turn dark brown^ 

grains and in some inbred lines of both corn and sorghum, the purple 
color is absent, but the dull browning of '“f “P* 

tissue are quite pronounced, as show n m plate 1 2B for oats and 1 3t lor 
'“"For most eommercial varieties of corn, the purple color is a valid 



Figure 3. Ears produced on slowly 

nerfectly pollinated because of the delayed emergence o 
P ^ ^ kernels result. 

symptom of phosphorus deficiency. The purple color develops as sugars 
accumulate and the anthocyanin pigments increase (12). As _ > P 
tom develops the plant loses its chlorophyll, allowing the purp p 
to dominate the leaf color. However, not all varieties of corn a . 
ghum carry the genetic factors for the purple pigment and. in ^ueh ^ 
a phosphorus deficiency is indicated by a bronze coloration o 
pattern as that developed in plants with the purple pigment. 

Phosphorus deficiency symptoms are most pronounced m >ou^n. 
plants, which usually have a greater demand for this element 

Lture plants. A soil capable of supplying the 

young plants will seldom become phosphorus deficient later in t 
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therefore, all crops should be examined for phosphorus deficiency during 
the early stages of growth. Similarly, a young plant showing severe phos- 
phorus deficiency seldom will ‘‘grow out" of the deficiency and the 
symptoms will persist to maturity. Phosphorus starv^ation tends to delay 
maturity. In corn, this is particularly noticeable during pollination when 
silking may not occur until most of the pollen has been shed, resulting 
in imperfect ear formation (figure 3). The usual symptoms of phos- 
phorus deficiency in corn ears are irregular kernel rows, a twisted look 
of the ear, and imperfectly developed ear tips. 

Plants show deficiency symptoms only when severely starved for a 
particular nutrient. Profitable crop responses to fertilizer use often may 
be obtained from applications to soils on which the untreated crop shows 
no visual symptoms of nutrient deficiency. To determine when the crop 
is “hungry" but shows no symptoms of “starvation," tissue tests (25, 
40) can be a useful diagnostic tool. Generally, for corn, sorghum, and 
small grains, if tissue tests show very low levels of soluble phosphates in 
the plant sap the crop will respond to phosphorus applications. 

POTASSIUM (K) DEFICIENCY 

Potassium in plants is associated with protein activity, primarily in 
the maintenance of a positive ion balance to satisfy negative ion charges 
on the protein. Ions are groups of atoms that tend to operate as units 
which carry either positive or negative charges. The balanced condi- 
tion of positively charged ions with those negatively charged produces 
a stabilized compound. 

So far as is known, potassium is not a constituent part of any of the 
structural tissues of plants, although its absence often causes a loss in 
straw stiffness and lodging of crops. Potassium moves readily from one 
plant part to another, therefore leaf symptoms appear on the older 

leaves first, as the younger actively growing leaves draw’ potassium away 
from them (18). 

Potassium is needed in large quantities by most plants for normal 
growth. Potassium ions usually dominate the various salts found in plant 
sap. Mature plants require about the same level of potassium as younger 
plants, therefore symptoms will occur as frequently during early growth 
as at any other stage of development. If the soil does not supply sufficient 
potassium for the seedling stage, plants seldom will “outgrow" the de- 
ficiency during later development. 

Symptoms. The first symptoms of potassium deficiency are a shorten- 
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ing of the internodes ( plates 5 and 6 ) and a dwarfing of the plants, with 
a general loss of the dark green color indicative of healthy growth. A 
more severe deficiency usually produces a bronze to yellow discoloration 
along the edges of the older lower leaves. In corn, (plate 4C) and sor- 
ghum, the marginal discoloration is continuous from the tip to the base 
of the leaf (plate 1C) while in small grains it is a general mottling, as 
in the case of barley (plate 12D), or bronzing of the leaf tip as in the 
case of wheat (plate 13D). In the small grains, potassium deficiency 
symptoms are extremely difficult to diagnose by visual means and always 
should be supported by tissue tests. In severe cases, the marginal dis- 
colored areas on corn and sorghum, and leaf tips on small grains, be- 
come dry and scorched, giving a very ragged appearance to the leaves. 
Eventually the leaf edges and tip tissues die, leaving small areas at the 
bases and midribs alive and green, as shown in plate 1C for corn. 

Potassium deficiency symptoms are sometimes reflected in the corn 
ear. Usually the ears are small and tend to have very pointed, poorly 

developed tips (figure 4). 

Potassium deficiencies are often 
^ expressed in a manner quite simi- 
^ lar to certain disease symptoms, 
I such as leaf blights (24). Since 

I the level of soluble potassium in 

I the plant sap is easily determined, 
I tissue tests for potassium (17, 25, 
} 29) are quite useful and reliable 

in distinguishing disease from nu- 
tritional disorders. 

MAGNESIUM (Mg) DEFICIENCY 



Figure 4. A. Ears on plants receiving com- 
plete fertilizer. B. F^otassium-starvcd ears 
from plants receiving nitn\gen and phos- 
phorus only, are ol k>w feed c]iiality. 


Magnesium is a component 
part, and the only metallic con- 
stituent. of the chlorophyll mole- 
cule. It is also an activator and 
It is fairly mobile in the plant, so 

m* 


component of many plant enzymes, n , 

that the first dcliciency symptoms usually appear on the older, mature 
leaves. Most plants vs ill contain from 0.1 to 0 5 percent total 

magnesium. 

Magnesium deficiency in corn has been reported in various parts o 
the southern states and in Massachusetts |20). It is most often found 
in acidic sandy soils, particularly in the Atlantic coastal area. Magnesium 
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deficiency in small grains is less common than in corn, but Chucka and 
Lovejoy (II) did increase yields of wheat, oats, barley, and rye with 
magnesium fertilizers. To date, no reports have been made of mag- 
nesium deficiency in sorghum. 

Symptoms: In corn seedlings the first symptoms appear on the lower 
leaves as a general yellowing in color due to loss of chlorophyll. Even- 
tually the areas between the veins of the leaves become light yellow to 
almost white while the veins themselves remain fairly green, giving rise 
to a definite striping (see plate 7). As the deficiency progresses the 
leaves take on a reddish-purple color along their edges and tips, starting 
with the lower leaves and working upward. Under .severe deficiences 
the tips and edges of the lower leaves may die and the entire plant may 
show the characteristic inter-veinal striping. While some stunting of the 
plants occurs this symptom seldom is as severe as in phosphorus or potas- 
sium deficiency. 

Magnesium deficiency symptoms in wheat grown in nutrient solution 
cultures is shown in plate 12C. In the field, magnesium deficiency causes 
a dwarfing and yellowing of small grain plants. However, this symptom 
is not distinctive and is difficult to differentiate from symptoms of diseases 
and other deficiencies without the aid of plant tissue tests. 

SULFUR (S) DEFICIENCY 

Corn, sorghums, and small grains have relatively low requirements 
for sulfur compared to alfalfa, clover, cabbage, and related crops. 

Sulfur deficiency in field grown corn was first reported by Fox and 
Hoover (14) in Nebraska in 1959. They found that sulfur applied in 
fertilizer increased early growth, hastened maturity, and improved yields. 
They reported several cases of early growth response to sulfur but no 
yield response. Figure 5 shows an example of this. 

Sulfur deficiency in wheat and barley was reported in 1951 by 
Reisenauer and Leggett in Washington ( 36 ) . They found responses to 
sulfur greatest at high levels of nitrogen fertilization. Sulfur deficiency 
in small grains also has been reported in many parts of the world in- 
cluding Australia, Brazil, and Canada (21). 

Symptoms: Sulfur deficiency symptoms in corn or sorghum are stunted 
growth, delayed maturity, and a general yellowing of the foliage. How- 
ever, in some cases an interveinal pattern appears, the veins remaining 
green ( plate 8A ) . Fox and Hoover (14) noted that when this pattern is 
pronounced, it could be mistaken for deficiencies of iron or zinc. How- 
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ever, zinc deficiency <x'curs mainly on alkaline soils while sulfur dcli- 

ciency usually is found in acid soils. 

Sulfur deficiency in small grains causes stunted growth, delayed ma- 
turity. and general yellowing of the foliage. This yellowing of the leaves 
also is characteristic of nitrogen deficiency. However, in the case of 
nitrogen, the yellowing usually begins with the older leaves and prexeeds 



Courtery of Nebraska Affriculturat Experiment Station 

FiRure 5. Sulfur response in corn— Note the superior size and color of the corn on the 

left which received sulfur application. This effect may or "’“V appliwtion 

turity. In this case there was only a two bushel increase from sulfur application. 

upward. In sulfur deficiency, the yellowing is usually more marked in 
the younger leaves. The rapid nitrate tests (6, 41 ) can be used in the 
field to differentiate between nitrogen and sulfur deficiency in corn, sor 
ghums, and small grains. If the nitrate content is adequate, the ye owing 

may be attributed to sulfur deficiency. 


CALCIUM (Ca) DEFICIENCY 

Calcium is essential for the growth of all plants. It is a constituent pa 
of cell walls, and affects the permeability of protoplasmic mem ra 
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fkdt sarrauikl each living cell It controls uptake o( w ^ ■ 

Leaver asaally contain the brge^t amounts trf calcium found in plants, 
0.2 to iJf pcf cent, although many roots arc high in this element. 

Symptoms; Calcium dehcienc 7 in field crops sekJom is encountered. 
While caktum deficiency in com has been rcportedi»under field condi- 
uom ( 30 » its occurrence is cstremely rare C akium deficiencies in small 
frame under field conditions have not been reported. 

In corn, cakium deficiency is indicated by inability of the leaves to 
unfold or emerge- The tips ofadeases stick together, gising a ladder-like 
appearance to plants f plate HHj. Affected plants usually have a slight 
yetlou -green tint and arc sesercly stunted. In e.streme cases the grouing 
tips of the. plants die 

A similar ladder-like symptom often, appears in corn vihen a young 
^anl has been covered with soil during improper cultivatiisn Under such 
conditions the leases of the plant are kept from unfolding by the weight 
of the foil covering the leaf lips, hsaminatjon of such plants shcm*s an 
absence of the stkky gelatinous suhstarK'c that causes the tips of calcium 
deficient leaves to stick together. 
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^ . -.sir 



- 



I 





Zinc dencienc.y in field grown com was first found and corrected by 
Harnett and W’arner f I Mn 1935. V lets i -13.) made an intensive, study of 
AtK ticfic^ncy pfotAntts m corn and cKhcr cropj in Wavhinpton In more 
rCCetil years zinc deficiency hat been found in many areas, particularly 
in the Southeast and theafWesi. In a micronui.^nt survey. Berger (2) 
reported zinc deficiency in com in 20 states. Although zinc deficiency is 
not presak’nt rn the central part of the Com Bell, « wat reported recently 
in Indiana-. Wt; 

conj^ n {^v)itv< to lack of zinc^ and vhow5 an cavity rccog- 
wah|| syraptewK it h an eTctllent crop for identifying zinc deficient 

^li ufa x " zinc.dcKkiKs fe most prcs’alent in areas where the 

top stsil h|K been reigned .ffem land leveling for irrigation purposes 
|.iK In normal ungraded wiils where plants have been growing for 
tun^^tvailabie zinc in w iurface stwl, often ts double that of the 
sdbsiHl rieep cuts m a soil that is modefaielv low in available zinc mav 
cvpose^^nc deficteni subsji^^ 'Zinc'defkiency is found' on a wide range 
<>( soil teilure^nd pH coodit^^^bdr it is most often found in sandy 
and..or calc^eouc’M-Hfs. a a;. 9ms 

deikncDcv b more ere during cool, viici v^eather. In the 
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Coachella Valley. California, winter grown sweet corn ma\ show severe 
zinc deficiency on soils where no zinc deficiency occurs in the same 
crop grown in summer (42). Thus, a cool wet spring is a good time to 
locate and diagnose potentially zinc deficient areas. Heavy or excessive 
use of phosphate fertilizer may accentuate zinc deficiency on some soils 
(10. 39). How'ever. this relationship does not appear to be consistent in 
all soils (5, 38). Liming acid soils may also bring out zinc deficiency. 

especially in sandy areas (39). 

Symptoms! Corn shows the most definite and easily recognizable zinc 
deficiency symptom of any annual field or vegetable crop. In severely 
deficient areas, this symptom occurs within two weeks after seedling 
emergence. It is characterized by a broad band of bleached tissue on 
each side of the midrib, beginning at the base of the leaf as is shown 
in plate 9. This symptom occurs mainly in the low'er half of the leaf and 
may be seen when the young leaf is coming out of the whorl. The midrib 
and the leaf margin remain green. Zinc deficient plants also are stunted 
and have short internodes. Lingle ( 27 ) reported that reddish or brownish 
areas often occurred on the older leaves, and many tassels were devoid 

of anthers. 

Early w-orkers ( 1 ) ascribed the name "whitebud" to z.inc deficiency 
symptoms of corn. Viets (43 ) and others, including the authors, believe 
that “whitebud" is an inappropriate term for zinc deficiency symptoms 
of corn since the buds or tips of new leaves usually remain green and 

the bleached or w'hite areas occur in the low'er portions. 

Mild zinc deficiency may show an interveinal striping somewhat simi- 
lar to that of manganese or iron deficiency. However, if manganese or 
iron is lacking, the interveinal striping runs the full length of the leaf 
while in zinc deficiency it occurs mainly on the lower half of the leaf. 
Mild zinc deficiency symptoms commonly show up only in the seedling 
stage and di.sappea'r by midseason. How-ever. even in the case of mild 
zinc deficiency silk emergence may be delayed and irregular. In sweet 
corn production this has caused a reduction in yields of marketable ears 

(42) even though total yields were not reduced. 

Zinc deficiency on sorghum is similar to that of corn, except that less 

interveinal striping is noticed and a more definite white band formation 

is observed in the lower purts of the leaves. 

In the case of small grains, the symptoms are not so definite and can 

be more easily confused with other nutrient deficiency symptoms. Zinc 

deficiency has been observed in small grains in numerous areas, inclu - 

ing Australia and California. 
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Plant symptoms which are believed to be caused by zinc deficiency 
may be verified by plant or soil analyses (7. 8. 15. 32). or a foliage 

spray with zinc compounds. 


IRON (Fe) DEFICIENCY 

Iron chlorosis is most common in calcareous soils (those containing 
free calcium carbonate). In the annual crop group, sorghum is one of 
the most sensitive to iron deficiency. In areas where forage or grain sor- 



Courtesy of U fiiversity of California. Division of Agricultural Sciences 


Figure 6. Plants on the left received two foliar applications of 3 per cent ferrous sulfate 
solution at 50 gallons per acre and produced 4.O00 pounds of grain per acre. Chlorotic 
plants on the right received no spray and yielded only 250 pounds of grain per acre. 


ghums are harvested and allowed to re-grow for a second crop, the re- 

growth shows iron chlorosis much more severely than the first growth 
( 23 ). 

Iron chlorosis on sorghum and related crops can be corrected either 
foliage sprays or by soil applications of iron compounds. Hovv^ever, 
soil applications have been economically impractical because of the 
large amounts required. Workers in Texas (13), Kansas (45), and 
California (2j) have shown that foliage sprays with ferrous sulfate 
solution are the most effective and economical means of correcting iron 
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chlorosis (see plate lOB and figure 6). The concentrations used by these 
workers ranged from 2.5 to 4 percent ferrous sulfate solution. The num- 
ber of sprays required varied from one to three, dependent upon the sever- 
ity of the chlorosis. Ferrous sulfate used in these trials was a commercial 
grade of copperas (FeSO. • 7 H.O) containing 20 percent iron. 

Iron deficiency in non-calcareous soils usually is caused by exces- 
sively high levels of phosphorus, copper, manganese, and or zinc (9). 




Cn„rre.u- of VniversUy of Califorma. PivMon of AKricultural Sciences 

p;„„rp 7 The three leaves on the left show varying degrees of iron chlorosis. The leaf 

TZ Jllh, .id, c.™ f.on, a plo, wh.„ ,he iron 'I’'”™”' l:r'|S?h,r,7Si'vll » 
follace sorav The second leaf from the right is from an adjacent plot that ■ 

[lighfcoverige which shows as green spots on the leal. This demonstrates the need for 

good coverage of the ferrous sulfate sprav. 

Rice grown on high pH. non-saline, high sodium soil under flooded 
conditions responded markedly to applications of feme sulfate (19) 
However, under non-flooded conditions rice grows normally wtthout 

iron additions. , . 

Symptoms: Sorghum shows an easily recognizable symptom and is 

good indicator creV to detect iron deficiency. Iron chlorosis in sorghum 

and related crops can be identified by the intcrveinal chlorosis or stripin 

which extends the full length of the leaves (see plate lUA and ligure _ 

The chlorosis starts and is most severe on the upper leaves, n cases c 

severe iron deficiency, plants become white and eventually die. 
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Iron chlorosis on corn is similar to that of sorghum, but corn is less 
sensitive to iron dehciency. Iron chlorosis symptoms on small grains 
arc similar to those of corn and sorghum, but in small grains they are 
more easiK confused uith diseases and other abnormalities. Certain grass 
weeds such as water grass and Johnson grass are sensitive to iron de- 

ticiency and may serve as indicator plants. 

Iron deficiency cannot be diagnosed readily by any known method of 
soil or leaf analysis. Foliar spray is the best means to verify the symptom. 
Iron dehciency in soils usually can be diagnosed in pot culture using 
sorghum as the indicator crop. 


manganese (Mn) DEFICIENCY 


Manganese dehciency in corn, sorghum, and small grains is not very' 
common, although it has been reported in several states (2) and in 
almost every country of the world. The small grains, especially oats, are 
much more sensitive to low^ manganese levels in soils than are corn or 
sorghum. Where manganese dehciencies occur, the soils usually are 
either calcareous, extremely sandy, or high in organic matter. 

Manganese has been associated with many functions in the plant. Its 
role in chlorophyll development was first noted by Bertrand (4) in 1897. 
Since then many functions, as indicated by Mulder and Gerretsen (31 ), 
have been ascribed to manganese, including catalytic, regulatory, and 
en/\ malic. It is known to be required in the nitrogen metabolism of 
plants, photosynthesis, and carbohydrate breakdown, and it probably has 
other functions as yet undetermined. Its absorption by plants appears to 
be temperature dependent. 

Symptoms: Among the small grains, oats are the most sensitive to 
manganese deficiency and. therefore, the most likely crop to show the 
deficiency in any area. Oats also have the severest and most easily recog- 
nized symptoms amonc the small erains, Mulder and Gerretsen (31) 
have described the manganese deficiency symptoms in oats as follows: 
"Marginal gray-brown colored necrotic spots and streaks appear first on 
tlie third highest leaves, particularly on the basal half. The streaks tend 
to elongate and coalesce. At the distal ends of the affected basal part the 


necrotic spots may soon extend across the blades so that the upper half 
or two-thirds of the leaf falls over with a sharp kink as the collapsed 
portion. The distal ends of the leaves remain green for a considerable 
time. On older leaves the collapse may be confined to the lower quarter, 
and oval spots of necrotic tissue may appear irregularly on the leaf 
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blade Ihough less frequently toward the tip end." "Gray-speck disease, 
and "halo blight" are terms often used to describe the gray-brown ne- 

erotic spots on the leaves of the small grains. 

In corn and sorghum, manganese deficiency symptoms are quite vague 

and seldom observed under field conditions. Usually about the only 

symptoms that appear are a slight stunting of growth and a slight color 

iL between the veins of the upper younger leaves, but these symptoms 

are not characteristic solely of manganese deficiency. Because of its 

variety of functions in plants, mild manganese deficiency symptoms 

seldom are very striking or pronounced and seldom can be diagnosed 

visually. Field symptoms of manganese deficiency in crops always should 

be supported with tissue tests. 

COPPER (Cu) DEFICIENCY 

Copper plays a role in the action of many oxidizing enzymes which 
function in respiration. It also may be associated with chlorophyll forma- 
tion. . , • 1 ■„ 

Copper deficiency in field crops occurs mainly on organic soils in- 
cluding peat and muck (2). Small grains, especially oats, are more 

sensitive than corn to copper deficiency. 

Symptoms; In corn, copper deficiency symptoms appear first on t e 

vounsest leaves of the plant. Generally they appear more frequently on 
younger plants than on older or more mature growth. The first symp- 
toms are a yellowing of the upper, or youngest, leaves and a slight stunt- 
ino in growth. Under severe deficiency the plant is severely stunted e 
younger leaves become a very pale yellow, and some "die-back of the 
older leaves occurs (plate 11). Finally, areas of dead tissue appear 
alone the tips and edges of the leaves, in a pattern somewhat similar o 

potassium deficiency symptoms. Plants showing such 

ficiency symptoms seldom mature and usually die during the ^arly 

middle part of the season. r i 

In small grains, copper deficiency is characterized by a oss o , 

the younger leaves, followed by a breaking of the leaves, and event . 

dying of the leaf tips. In more extreme cases the leaves become s rive 

twisted, and broken, and the plant dies. 


BORON (B) DEFICIENCY 

Boron deficiency is very widespread in the United 
on legumes and sugar beets and certain vegetable crops 
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itthcr ccrcah, h» uevcr, jppcar lo have a low demand for boron and re- 
pi>rl\ of h*)fun dctKiencio in iheM: crop'* are quite infrequent NuNbaum 
^ f in I 9 dv the hrvt to report bortm deficiency symptoms of corn 
i^rowing under field condiiK>ns 

I he irnpofiarsce of bortm in pre»m<>ting fiouer and ^^ed prixluction of 
^♦irn shown in nutrient wdutton culture studies ( 28 ). Berger ( 3 ) 
concluded that a continu«>us supplv cif K?ron in the nutrient solution is 
essential for production of cars and kernels, and that lack of it can cause 
barren plants Berber further reasoned that some of the barren plants in 


r I $ u 1 1? Corn 
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«!4r ved plant, 
V £»iiaf c« I Ic 4 V 
4lld itp of fhoot 
d>ifi| C Older 
«ic> citify vcl 
to«rifth - while 

arepc«. O Bi>ron 
t«>iivirv c»u«n bn 
tdfe «C'orch. vcr> 
tURilar in appear 
boce lu 4 %vmpUim 

ot pG^toMum ftar 
v 4 tioa 



high prndiKdton c«>rn fields might be due lo boron deficiency. In an ex- 
tensive stiidv involving 54 fields, he found that boron application in- 
creased corn yields and reduced the number of barren plants in 6 of the 

test areas 


fk'rgcr found a pixsr correlation between soil boron content and plant 
respi>nse He piMOted out that this is to be expected since boron avail* 
ahiliiy u grvatl) affccietl bj climatic intluences such as leaching and 
drv'ughf From prclinunars plant analssis studies, he suggests that the 
cnucal minimum lesel in upper corn leaves is II to 13 ppm (parts oer 

mitlusn i of boron • 3i. t per 

Svmptoms- The leaf symptoms of boron deficienc> are shown in 
ngurc Bssron deficiency is seen first on the youngest leaves as white 
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irregularly shaped spots scattered between the veins. With severe de- 
ficiency these spots may coalesce forming white stripes 1 to 2 inches 
long. These white stripes appear to he waxy and raised from the leaf 
tissue. There is also a shortening of internodes and often the young 

leaves fail to unfurl (3). 

In nutrient solution culture studies, Berger (3). found failure of 
flow'ering and ear development at levels which were high enough to pre- 
vent leaf deficiency symptoms. Thus, flower and seed development 



FiKure 9. Far healthy boron-tested corn plant, and three ears from boron-deficient 
plants (left to right). Note one-sided shriveling of kernels on the three ears from 

no-boron plot. 

failure should be considered as a boron deficiency symptom. An example 
of the poor seed development symptom is shown in figure 9 (33). 

To date there have been no reports of symptoms attributed to boron 

deficiencies in fields of sorghum or small grain in this country. 

In desert and semi-arid regions, certain soils and irrigation waters 
may contain toxic concentrations of boron (44). Figure 8D shovs a 
marginal scorch caused by boron toxicity. Boron toxicit\ on barle\ 
characterized by elongated, dark-brown bU')tches. This symptom occur. 

first at tips of the older leaves. 
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MOLYBDENUM (Mo) DEFICIENCY 

Cereals and grasses appear to be rather insensitive to molybdenum 
deficiency and thus are not good indicator crops to identify deficiency 
of this element in the field. No reports have been noted of molybdenum 
deficiency in field grown corn, sorghum, or small grains in the United 
States. Molybdenum deficiency has been reported in field grown corn, 
wheat, oats, and rye in New Zealand. In solution culture. Peterson and 
Purvis (34) found that the molybdenum content of corn seed was suffi- 
cient for normal growth. They found that it was necessary to develop 
corn seed low in molybdenum before deficiency symptoms could be pro- 
duced. This also was true of other large seeded crops, such as cotton and 
soybeans. 

Symptoms: Peterson and Purvis (34) described molybdenum defi- 
ciency symptoms of corn as follow's: “The older leaves died at the tips, 
then along the margins, developed necrosis between the veins, and died. 
The younger leaves first wilted and then died along the margins, and in 
some eases became twisted.” Hewitt (16) gives detailed descriptions of 
molybdenum deficiency in oats, barley, wheat, and rye as well as other 
crops. 

SUAAMARY 

The plant diagnostician should use all of the “tools" available to him. 
This includes soil, plant and water analyses, nutrient deficiency symp- 
toms. pot culture assays, and field experiments. In using visual symp- 
toms as a diagnostic aid. he should realize that diseases, toxicities, in- 
sects, nematodes, or mechanical injuries may produce symptoms similar 
to those produced by certain nutrient element deficiencies. A visual 
symptom found on a single plant is usually caused by a disease, an in- 
jury, or a genetic variation. Nutrient deficiency symptoms usually occur 
on several plants over a broad area following a soil or management pat- 
tern. Visual symptoms of a given nutrient deficiency are more distinct 
on some plants than others. When you suspect a certain nutrient defi- 
ciency look for “indicator” plants. 

Nutrient deficiency symptoms provide the fastest means of diagnosing 
plant nutrient problems, but also require the most experience. 

The following key gives a brief summary of “hunger signs” in corn. 
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KEY TO NUTRIENT DEFICIENCY SYMPTOMS OF CORN 


I. Stunted Plant common to all deficiencies 

11. Loss of green color common to all deficicnctcs 


A. C olor changes in lower leaves: 

1. Yellow discoloration from tip backward in form of a V 

2. Brown discoloration and scorching along outer margin 

from tip to base 

Yellow discoloration between veins, finally edges 
become reddish-purple 

4. Purpling and browning from tip backward, in waves 

5. Uniform yellowing of upper and lower leaves 

B. Color changes in upper leaves: 

j. Emerging leaves show yellow to white bleached bands in 
lower part of leaf 

2. Young leaves show intervcrnal chlorosis along entire 

length of leaf 

3. Young leaves uniformly pale yellow, older leaves dying 

at the tips 

4. While, irregular spots between veins 

5. Young leaves show pale green to yellow discoloration 

between veins . . 

6. Young leaves wilt and die along the margins 


Oeftcient 

Nitrt'gen 

Potassium 

Magnesium 

F^hosphorus 

Sulfur 


Zinc 

I ron 

Copper 

Boron 

Manganese 

Molybdenum 
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Courtesy of North Carolina Agri. Exp. Sta., U. S. Dept, of Agri. and American Potash Institute 


Plate 1. Corn plant at left A shows severe nitrogen deficiency. Note yellowing begins at tip of 
lower leaves and proceeds up the midrib, giving a V-shaped pattern. Plant B in center shows 
symptoms of extreme drought. Dry-weather injury can be distinguished from nitrogen deficiency 
inasmuch as drought affects the upper as well as the lower leaves. Severe potassium deficiency 
shows up in the plant C on the right as a marginal scorch affecting the lower leaves first. 



Carolina Agri. Exp. Sta. and U. S. Dept, of Agri. 

toThVcornnTfhP ITff diflference! Nitrogen at the rate of 180 pounds per acre was applied 
to the corn on the left. The corn on the right received no added nitrogen. The yields were 1 10.3 

and 24.4 bushels per acre, respectively. 


47 











r 



Plate 3. Phosphorus hunger causes purpling of the leaves of many strains of com 
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piSeief’aloneThe mTrilf r p leaf. The yellowing begins at tip end and 

P ogresses along the midrib. C, Potassium-starved leaf. Note characteristic brown edge scorch. 
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Plate 5. Potassium starvation results in weak corn stalks with the leaves badly damaged. The 

marginal “firing” affects all the leaves. 
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Courtesy of Sorth Carolina Agri. Exp. 5/a. and U. 5. Dept, of AgrU 


Plate 6. Polassium-siarved young corn plant. The lower leaves show the typical marginal scorch. 
At this stage of growth in the field it is possible to apply remedial side dressings of potash 

salts profitably. 



Plate 7. 


Courtesy of Massachusetts Agricultural Experiment Station 

Magnesium-starved corn. The regular yellowish-white stripes on the leaves indicate 

the deficiency. 
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Courtesy Illinois Agricultural Experiment Station 


Plate 8. A (above). Sulfur de- 
ficiency in corn. Note yellowing 
of the leaves particularly be- 
tw'een the veins. B (left). Cal- 
cium deficiency in corn. The tip 
ends of the leaves are glued 

together. 
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Piaicf ^ /tn< Jcfwicnvv m corn Sole fhc Krevad bjind'% hlc-i^.fK’J liv^^ur in the li*wcr half of 
ihc: leaf I hr mi^irh aixl leaf inar^r^ fcfnam ^reen iSe€ teW for m<w c»>mplctc ^Jk^Cflpliun. ) 



i 4tc 10 A Iron tlcfkicnc> in sorghum, grading from severe deficiencv on ihe left to a normal 
feaf on the right \^e that the intcrvemal chloroMs e\tend> the full length of the leaf. The 

dehcBsiics IS severe on the soungesi leaves. 
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Courtesy of University of Californiar Division of Agricultural Sciences. 


Plate lOB. Eighteen days before this picture was taken the plants on the left had been sprayed 
with 3 per cent ferrous sulfate solution at the rate of 50 gallons per acre. These plants turned 

green within 6 days after the foliar application. 



Plate II. Copper deficiency in corn. Upper leaves show a pale yellow color; the leaf tips curl; 

and the older leaves dieback. 
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C and D, 



courtesy of Purdue University Agricultural Experiment Station 


D 


Nitrogen-Starved oat leaves. Nitrogen hunger causes the leaves to yellow and die, 
B, Phosphorus-starved oat leaves. The leaves die gradually from the tip ends with no particularly 
distinctive coloration. Note close similarity to the nitrogen-starved oat leaves. Chemical tests of 
the tissues are needed to confirm this symptom in the field. C. Magnesium-deficient wheat 
leaves, A slight mottling of the leaves was obtained in controlled nutrient cultures D Purplish- 
brown spots on barley leaves indicate potassium deficiency. These spots precede the usual mar- 
ginal and tip-end “firing” of potassium-starved leaves. Cause of spots unknown. 
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Plate 13. A, Healthy green leaf of wheat showing balanced fertility. B, Yellowish-green lea 
with tip end turning yellow indicates nitrogen starvation. C. Dark-green leaf with the tip en 
dying indicates possible deficiency of available phosphorus. D, Leaves with the lip ends becom- 
ing yellow and scorched along the edges indicates a deficiency of potassium. These symptonis 
are diagnosed with difficulty under field conditions unless chemical tests for nitrates, inorganic 

phosphates, and potassium are made on the tissues. 
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Plate 14. Demonstration of tissue tests used for the confirmation of nitrogen and potash defi- 
ciency symptoms in hybrid corn plants. 


from well-nourished plant. Note healthy leaf and well-matured ear. Tissue tests show as follows; 

nitrate — red color — with Bray’s nitrate test powder. See selected reference (6) for description. 
(2) Medium potash (3) Medium phosphate 

Compare these healthy tissue tests with B and C. 

B. Nitrogen-deficient plant. Note yellowish green leaf and deadened tissue along midrib. Also glossy kernels on 
underdeveloped ear. These kernels are low in protein, but high in fats. *tcrneis on 

(4) Negative nitrate— no color (5) Very high phosphate. 

POtfssii!^'^s*!ih^w^rthese\eT"'’'^ ■“’“'ry amounts of phosphate and/or 

^•{7rvet"fgh"nur"\e‘’-^"eep^°e^^^ ^^adcned unfilled ear with starchy kernels. 

bu^can'-nor CcUo'!; Phosphates. 

These tissue tests show that when one plant nutrient becomes deficient, other nutrients mav acctimniaff- in 

and further complicate the diagnosis of the deficient plant. Luxury quantifies of n^rte^fTT 

prn^h^nH^i’ potash (6) frequently indicate a deficiency of some other essential nutrient for healthy 

growth and development of the plant. Use all possible tests for nutrient elements correctly for diagnoses of defi^- 

cicncy symptoms. For example, the very high phosphate tests (5, 8) may be misleadine when nitrates and/nr 
potassium are deficient in the plants tested. Medium tests for nitrates (1) phosphate^ fit anrt t! f i, 
indicate adequate amounts in the plants at the time of testinrThey are oarticula^^^^ and potash (2) 

applfed “o"?®; crop'*’" adequately supplied in?he"fennii:” 
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Chapter III 


Nutrient Deficiencies in Cotton 

By Leroy Donald * 


C OTTON constitutes no exception to the changing pattern of crops 
grown in America, an adjustment which accelerated about 1950. 
Further geographical shifts in the distribution of acreage and highly 
significant technological advances in the production of our major fiber 
crop have occurred since the last revision of the census in 1959. Each 
of these factors either has created new or has intensified old nutritional 
problems. 

The increase in cotton acreage w hich has occurred since mid-century 
on all cotton-producing continents, with the lone exception of North 
America, implies that the crop is now being grown under a wader 
range of climatic conditions and soil types than ever before. Nutritional 
problems wfith their accompanying deficiency symptoms, which both 
climate and soil may influence, quite logically vary by countries and 
areas of production. 

The trend in the United States, under the government's acreage re- 
duction programs, has been toward a rapid and substantial retirement 
from cotton of much of the steeper or submarginal and less productive 
land in the South to sod-forming crops or timber. Simultaneously, the 
westw'ard shift in acreage within the United States has continued wfith 
the result that cotton is being produced to a greater extent in south- 
western and western states on the more alkaline soils and under the 
semi-arid climate w'hich prev'ail in that part of the Nation. Nutritional 
problems, wfith their accompanying deficiency symptoms appearing in 
the crop grown under those conditions, may quite logically be expected 
to vary somewhat from those previously encountered in the crop crowm 
on the more acid soils and under the humid climate which prevail In the 
old cotton-producing areas of the South. 


• Leroy Donald is Chief Agronomist for the Agricultural Division of Monsanto Comoanv This 
chapter m previous editions was prepared by Dr. H. P. Coooer formeriv nfin tu u " ^ 

Agriculture. Clemson Agricultural College Clemson, South Carolina, and the current author. ^ 
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This shift in acreage within the United States, generally speaking, 
has been ...ward .he more level lards which usually have a h.fhe, 
pntenlial produclivc capacity. On such lands, powers olten arc able o 
produce higher yields of col.on more efficiently tm a larger scale wt.h 
machinery. These geographical shifts have within I entse ves a ere 
nutritional problems relating to cotton, and thereby inffuenced the occur- 

rence and extent of deficiency symptoms m the crop. 

A^ances made in production technology s.nce mid-cen ury have 

been directed toward decreasing the cos. of growing cotton, higher per 

to the ouitanding cotton production record achieved by American 
farmers who have increased the average yield from approximately one- 
haff bale to almost a bale per acre since mid-century. As one means 
of lowering production costs, many farmers have completely mcc anirc 
essential operations, the logical aftermath of which has been rapid con- 
!La.ion of farms, with larger acreages of cotton be.ng grown by ma,or 
operators. The generally greater efficiency of the sup.ving cotton pro- 
ducers has quite logically resulted in a more rapid depletion o soil 
elements nutritional problems, related pr.marily to major plant nu- 
trients arising sooner than otherwise would have been the case 

T^protec. their greater investment in land, equipment, and labor. 

a majority of the growers have 

tion of the major plant nutrients as fertilizers for the production 
cotton As a further economic measure, many farmers are purchasi g 
and applying the more concentrated fertilizers with the result that^su^ 

stantial savings are being realized m costs o major p .. 

,generally required by the cotton crop. The increases in ^ PP 
tion of the major nutrients, as well as prolonged use of concentrated 
fertilizers, logically may be expected to create new problems in nutrition 

related chiefly to the secondary and micronutrients 3”“," 

of filler or carrier materials present in the F«vtously-app ed low analy 
sis fertilizers supplied minute to rather substantial qi'antities _ 

ary or micro-nutrients, which either are great y needed 

eliminated in the highly-concentrated fertilizers. When ^ ; 

adLd to the concentrated fertilizers, applied on the land as ^ . or 

introduced into the plants through foliar applications (leaf spr y.j 

certain cases. 
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Irrigation, a practice which has been greatly expanded in the newer 
and semi-arid areas of cotton production within the United States, has 
more rapidly intensified nutritional problems. The resulting higher yields 
than would have been realized under dry land farming conditions ob- 
vir>usly have exacted a heavier toll of nutrients from the soil. Increased 
use of fertilizers in those areas has been greatlv stimulated as a result 
of the greater efikicnev ^^ilh v^hich plant nulrienlN are utilized by 
cotton grov^n under irrigation. Land-leveling, in turn, is being more 
vKidely practiced as an adjunct to both irrigation and mechanization. 
As might be expected, cotton grown on limited areas ot subsoil left 
exposed by leveling operations, or even on inter-mixtures of topsoil and 
subsoil which frequently result, has exhibited certain rather uncommon 
deficiency ssmptoms in some Uxraliiies. 

As prcNtously stated, and for reasons implied, production of cotton 
is rapidK becoming stabilized on the more level and fertile soils. Real- 
izing that greater econornv in production is possible when the crop 
is grown on such soils, many farmers are disinclined to rotate the crop 
to their sleeper, less productive, and often more risky lands. An increas- 
ingly greater number of farmers are rcsi^rling to continuous production 
of cotton, or momKultuic, a practice that is being aided and abetted by 
low-cosi fertilizers as well as by highly effective and favorably priced 
chemicals now available for the control of weeds, insects, and diseases. 
I’ndcr the system ot continuous cotton production, both quantity and 
management of cri>p residues become of paramount importance. The 
ptKsibilily of creating new or intensifying old nutritional problems 

obviously becomes increasingly greater under a monocultural system 
of farming. 


To round out the approach to lov^er cost of production, research 
workers are continuing to breed mcjre productive cotton varieties in 
their efforts to increase the yield fHMential, as well as to better adapt the 
Cii^p to mechanization. Cirealer efficiency' bred into a crop variety or 
strain generally implies higher requirements for plant nutrients. The' end 
result can be and often is an accelerated appearance of deficiency symp- 
toms. unless the increased requirements of the improved variety are 
satisHed. 


The foregoing background has been supplied to provide the reader a 
belter understanding of those factors which are currently influencing 
the nutrition of cotton. Furthermore, the facts as related should consti- 
tute a plausible explanation of the more widespread appearance of the 
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iuntiimv. 'i^ well US ihc ercuicf incidence i>t hcicln- 
coninion deticicncj^ sjn>pu>nis, aN >vi,ii ^ 

fore unusual "hunger signs" in the cotton crop. 

The discussion of the chemical composition t*t the cotton plant to 
follow, as well as the deliciency symptoms svhich will be subsequently 
described, relate generally to American upland species \sh.ch presently 
comprise better than 9^) percent of the cotton acreage m the 1 inted 
States. American-tgyptian species constitute the remainder ol the do 
mcstic acreage. Although certain rather marked dilTerenccs appeal be- 
tween the two typ»^‘'' l^eir general structure, habits ot grossth. and pattern 
of nutrient response are quite comparable, bor more detailed inlorma- 
tion, the reader is referred to the works of Eaton i ). Reynolds (4f.i, 
Tharp (49), and Wadlcigh (51 ), who, among others, have iii.idc 

notable contributions to oirr knowledge of the structure. morphology, 
and life cycle of the cotton plant. 

Not all of the selected references, each ot which merits carelul study, 
are cited in the body of the text. Only those references appear in the 
manuscript which deal with specific aspects of cotton nutrition, or from 
which certain statements have been lifted that appear in the discussion 
of the various nutrient deficiency syniptonis. 

CHEMICAL COMPOSITION OF THE COTTON PLANT 

In considering the nutrient-deficiency symptoms of cotton, it is highly 
desirable to know something about the chemical composition of tht 
crop. That some plants selectively accumulate certain nutrients is gen- 
erally recognized. The data on the average chemical composition of ..S 
samples of cotton plants and 8 samples of cotton seed, representing a 
wide variety of the soil conditions found in South C arohna. are included 

in Table 1 . . . . u / h 

The content of the different elements, as determined through research 

conducted in South Carolina, indicates that cotton is a calcium-accumu- 
lating plant. Calcium-accumulating plants apparently possess the 
ity to synthesize organic acid complexes capable of forming low-so ubi.- 
itv calcium compounds, which characteristic probably results in a fairly 
constant calcium content within the cotton plant. Only a relative y sma 
quantity of silicon was absorbed by the cotton plant under t e con 

tions of the experiment conducted in South Carolina. 

Since some of the soils in the native habitat of cotton may ave cu 
tained a soil horizon of calcium carbonate accumulation, it is ogica 

to expect that the cotton plant would possess the ° 

fairly high concentrations of calcium ions. As indicated, t e ni c 
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Table 1. — comparative average chemical composition of 28 cotton plants 

AND 8 cotton seed SAMPLES 


The elements are arranged according to relative strength of ions as expressed in standard 
electrode potentials or discharge potentials of acids on platinum electrodes. 



1 

( 

Xorniaf 

1 

Electrode 

1 

Percent Dry Matter 

1 

' Percent of K Values 

(K = Potassium) 

1 

Material 

Ion 

\ 

Potentials 
in Volts 

1 

1 

Plant 

Seed 

Plant 

Seed 

Potassium 

K'" 

4-2.92 

0.830 

0.129 

100.00 

100.00 

Sodium 

Na"^ 

4-2.71 

0.450 

0.012 

54.22 

1.06 

Calcium . 

Ca^" 

-1-2.50 

1.700 

0.077 

204 . 82 

6.82 

Magnesium 

Mg"^* 

-1-1.55 

0.453 

0.365 

54.58 

32.33 

Aluminum 


-I-I.30 

0.040 

0.006 

4.82 

0.53 

Manganese 

Mn^' 

4-1.10 

0.030 

0.001 

3.61 

0.09 

Iron 


-fo .43 

0.056 

0.007 

6.75 

0.62 

Silicon 

Sulfur 

1 

HSOr 

-1.69* 

0.093 

0.280 

0.011 

0.565 1 

11.20 

33.73 

0.97 

50.04 

Phosphorus 

H.por 

-1.70* 

0.240 

0.684 

28.92 

60.58 

Chlorine 

Cl- 

-1.36 

0.750 

0.036 

90.36 

3.19 

Nitrogen 

i 

N03 

-1.69* 

1 .910 

4.040 

1 

230.12 

357.84 


* Discharge potentials on platinum electrodes. 


potassium, chlorine, magnesium, and sodium contents of the cotton plant 
are relatively high. The rather high nutrient content of the cotton plant 
suggests the desirability of adding liberal quantities of a complete ferti- 
lizer to many of the soils u.sed for the production of cotton. The rela- 
tively high content of nitrogen, phosphorus, and sulfur in cotton seed 

also indicates the need for a liberal available supply of these nutrients 
in its production. 

From the viewpoint of net plant nutrient removal from the soil, how- 
cotton is less exacting than many major field crops. This may be 
attributed to the fact that the vegetative portion of the crop generally is 
returned to the soil. When residues are .so handled, at least 75 percent 
of the total seasonal production of dry matter is returned to the soil. 
Failure to return the burs, or dried empty bolls, when cotton is harvested 

by stripping or snapping, obviously results in the removal of a consid- 
erably greater quantity of plant nutrients. 

Perhaps the prevailing opinion that cotton is hard on the soil is 
largely based on the observed rapid depletion of much land devoted to 
cotton production in the past in the southeastern states. Possibly clean 

culture and the earlier use of steeper lands, which resulted in greater 
erosion losses, constituted the basis of this popular belief. 
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Approx ini tile aniounts of the various soil-derived nutrients contained 
in the above-ground parts of cotton plants producing at the rate of 1 
bale per acre, according to the National Plant Hood Institute (8), are 

as follows: 

Plant In 1,500 Pounds In 2,000 Pounds Total 

Nntripnt Seed and Lint Stalks, Leaves, and Burs Removal 


Primary Nutrients: 

Nitrogen (N) 

Phosphorus t P) .... 

Potassium (K) 

Secondary Nutrients: 

Calcium (Ca) 

Magnesium (Mg). . . 

Sulphur (S) 

Micronutrients : 

Zinc (Zn). 

Manganese (Mn). . . . 

Copper (Cu) 

Boron (B) 

Iron (Fe) 

Chlorine (Cl) 

Molybdenum (Mo). 

On the basis of the quantitative requirements of the respective nu- 
trients by the cotton crop, deficiencies logically may be expected to 
occur in the descending order of major, secondary, and micronutrients. 

DEFICIENCY SYMPTOMS IN THE COTTON PLANT 

Only a very limited number of carefully controlled experiments have 
been conducted to date with cotton grown in nutrient cultures. Since 
deficiency symptoms usually described in this crop are those commonly 
corrected by the addition of certain fertilizer materials, most of which 
contain at least trace amounts of nutrients other than the one of pri- 
mary concern, some questions regarding possible interaction effects quite 

logically may arise. 

The capacity of the cotton plant to accumulate calcium, to synthesize 
acid-organic compounds, and to develop an extensive taproot system 
may partially account for the lack of widespread deficiencies of micro 
nutrients, such as zinc, manganese, copper, boron, iron, and molyb 
denum. This intensifies requirements for such substances as potassium 
or ammonium, and enables the plant to maintain a supply of a^aila e 
carbonate ions necessary in the production of a high-yielding carbona 

ceous fiber crop. 


pounds 


40 

35 

75 

8.7 

4.4 

13.1 

12.5 

29.0 

41.5 

2 

28 

30 

4 

8 

12 

*> 

0 

2 


0.32 

0 

0.32 

0.11 

0 

0.11 

0.06 

0 

0.06 

Trace 

% ^ 

Trace 

% i 

Trace 

k 4 

Ik fc 

i h 

4i 

4 4 

k k 
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Differentiation between symptoms resulting from a lack of available 
nutrients in cotton plants and those due to the action of diseases and 
insect pests is not always possible. Even when an abundance of the 
required nutrients are in the soil and are immediately available to the 
plants, their utilization may be affected by injuries caused by diseases 
and insects, with resulting deficiency symptoms. Situations of this nature 
may lead to much confusion in interpreting experimental results unless 
all the factors involved are carefully considered. 

Furthermore, the appearance of deficiency symptoms in cotton does 
not always imply that the respective nutrients to which they are attrib- 
uted are necessarily in short supply in the soil. Their solubility and 
availability can be materially influenced by any one of several factors, 
with the result that they are not absorbed and utilized in sufficient 
amounts. Whereas certain nutrients are only slightly soluble in the soil 
solution, others are highly soluble. Climatic conditions may thus ad- 
versely affect their solubility and availability to the plants. Prolonged 
droughts during the growing season may prevent optimum absorption 
and utilization of certain nutrients. Certain highly soluble nutrients, 
such as nitrates, on the other hand, may be readily leached from the 
soil during excessively wet periods over the growing season and thereby 
be lost to the plant. The form in which accompanying nutrients occur 
also may influence the rate and degree of loss of a given element. 

The soil reaction also affects the solubility and subsequent availa- 
bility of certain nutrients. In strongly acid soils, for instance, certain 
nutrients may be readily soluble and thereby available to the growing 
crop in adequate quantities. (See fig. 2, Chapter 1.) Application of 
large amounts of liming materials to correct the acidity of such soils 
may, in turn, decrease the solubility and degree of availability of certain 
nutrients with a resulting appearance of deficiency symptoms in the 
cotton plant. 

The rate of growth of cotton is another factor which may influence 
the appearance of deficiency symptoms. With slow growth, soil nutrients 
may dissolve and become available fast enough to meet the needs of 
the crop and thereby prevent the appearance of deficiency symptoms. 
The slow rate of solubility of certain other nutrients, on the contrary, 
may result in insufficient amounts being absorbed and utilized by fast- 
growing plants with a resulting increase in the appearance of deficiency 
symptoms. 

The foregoing points up the necessity of maintaining a proper balance 
of nutrients in readily available form and consistent with the most desir- 
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able soil reaction, if optimum yields of cotton are to be realized. It also 
reveals that insufficient moisture during certain critical periods of 
growth, even though all nutrients are present in adequate supply, can 
result in decreased yields. In cotton, for instance, a lack of adequate 
moisture during the formative stages of the lint can reduce length and 

otherwise lower the quality of the fiber. c • • 

In considering the descriptions of individual nutrient deficiencies 

which follow, readers should keep the previously discussed limitations 
in mind Incident to the descriptions, the important functions of each 
nutrient in plant growth are briefly reviewed. Furthermore, some signifi- 
cant aspects of the relationship of soil characteristics, climatic condi- 
tions. and plant composition to nutritional deficiencies and the fertilizer 
needs of the cotton plant are related. Acknowledgement is herewith 
Ide to various authors of .he U.S.D.A. 1957 Yearbook of Agriculture. 
“Soils” (50), from whose sectional discussions of the respective nutrients 

certain of the statements to follow have been drawn. 

NITROGEN (N) DEFICIENCY 

Since nitrogen is required by crops in greater amounts than any 
of the other soil-derived elements, and since it is among those most 
easily lost from the land, symptoms resulting from a deficiency of this 
nutrient in cotton quite logically are widespread. By the same token, 
nitrogen shortage, among all other nutrient deficiency symptoms, perhaps 
is the most readily and generally recognized by cotton growers. 

As a key component of proteins, nitrogen usually is concentrated in 
the growing points of a plant where it influences both rate and extent 
of growth. Nitrogen also is found in abundance in the leaves of plants 
where, as a component of chlorophyll, it is vital to carbohydrate pro- 
duction. Finally, much of the nitrogen absorbed by the plant eventually 
finds its way into the seed where it is an essential constituent of the 
contained proteins. In between these implied stages of plant develop^ 
ment, nitrogen plays many other highly important roles, all of which 
readily explain the essentiality of nitrogen to plant growth. 

INFLUENCE OF SOIL AND CLIMATIC CONDITIONS 

As would be expected, the severity of nitrogen deficiency syniptoms 
usually is greater in cotton grown on steep and coarse-textured soi s 
in which the organic matter content is low and from which this nu 
trient can more readily be lost through erosion and leaching. 
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absence of applied nitrogenous fertilizers, the time and extent of defi- 
ciency syniptoms often are aflected by climatic conditions which retard 
decomposition of soil organic matter and release of nitrogen, as well 
as by the amount of native organic matter present in the soil. 

LEAF SYMPTOMS 

A pale, yellowish-green color of its leaves, which are considerably 
reduced in size, is perhaps the most striking symptom of nitrogen defi- 
ciency in cotton. Under extremely low levels of soil nitrogen, this symp- 
tom may be noted even in the cotyledons or seed leaves. In the absence 
of deep green pigment, or chlorophyll, maximum photosynthetic activity 
is not attained, which results in a retardation in growth and size of seed 
leaves, as well as in the subsequent development of the cotton plant. 

Long before initiation of reproductive activity by a cotton plant 
grown under low levels of nitrogen, Wadleigh (51) detected a lower 
proportion of total nitrogen in its true leaves with an approximate corre- 
sponding increase in the proportion of nitrogen in the fruiting branches. 
Such a relationship is to be expected when nitrogen is limited, since it 
is the inherent tendency for plants to supply reproductive organs at the 
expense of vegetative parts. Since nitrogen is a key component of green 
pigment, or chlorophyll, the color grows less intense, commencing in 
the lower-most leaves and progressing upward on the plant, as translo- 
cation of reserves of this nutrient to the fruiting forms increases. As 
the chlorophyll disappears, the yellow pigments normally masked by the 
green become visible and increasingly evident in the leaf w'hich is greatly 
reduced in size. A typical leaf from a nitrogen-deficient plant is con- 
trasted wdth a normal leaf in plate 1 . 

Disorganization of the leaf cells which eventually follows a severe 
shortage of nitrogen often is accompanied by a development of red 
pigments knowm as anthocyanins. Eventually the leaf turns brown and 
dies, and finally it falls to the ground. This premature discoloration and 
eventual shedding of leaves, often confused with early maturity, is thus 
attributable to an inadequate level of nitrogen within the cotton plant. 

STALK SYMPTOMS 

Nitrogen-deficiency symptoms in cotton are characterized by relatively 
meager vegetative grow'th which becomes recognizable very early in the 
life of the plant. Even before the true leaves make their appearance, 
an inadequacy of soil nitrogen results in a general lack of vigor and 
otherwise retarded growth of the plant stalk. Short, stunted, and sparsely- 


68 


HUNGER SIGNS IN CROPS 


y 



Courtesy of Alabama Agricultural Experiment Station 


Figure 1. Effect of adequate nitrogen on the growth of the cotton plant. Note the devel- 
opment of many vegetative and fruiting branches. 


branched plants of a woody texture subsequently develop. In marked 
contrast, plants which receive an adequate supply of nitrogen remain 
succulent, grow rapidly, and become profusely branched. The vigorous 
growth habit of a cotton plant which receives adequate nitrogen is 
shown in figure 1 . The restricted growth habit of a cotton plant 
which receives an inadequate supply of nitrogen is shown in figure 
The plot comparison in plate 2 vividly portrays the marked differences 

in growth herein described. 

Whereas cotton plants highly dehcient in nitrogen failed to produce 
any lateral vegetative growth, Wadleigh (51 ) determined that from two 
to five vegetative branches developed on those plants to which he had 
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adequate nitrogen. An adequate vegetative framework was 
iherebv provided for vasilv increased photosv niheiic aclivilv of the 
leaves, and thus greater carbohvdrale production. 

FSUIT symptoms 

In discussing the development of a given fruiting branch, \\ adleigh 
piimied i>ul that a tU>wer bud, in realitv a terminal bud, normallv 
t>ccurs at each node Further elt>ngaiion of the fruiting branch thus arises 
from a lateral bud. I he extent of 
growth of the truilmg branch, 
hence the number of fruiting 
forms which develop, was de- 
termined bv Wadleigh to be de- 
pendent Ufvm the nitrogen supplv 
available to the plant. The prob- 
ability that each successive bkxim 
on a branch will set and develop 
fruit < bolls ) is predetermined by 
the nutritional demands in rela- 
iK'n to nitrogen supplv of the bud 
ongmallv initiated. 

Fruiting charts prepared by 
Wadleigh revealed that cotton 
plants with li^w nitrogen reserves 
prixluced, as an average, approxi- 
mately 2(1 blossoms, with no llow- 
ers bevond the third node of a 
given fruiting branch, liarly aK>riion or shedding of terminal buds of 
fruiting branches followed closelv. which detiniielv curbed initiation of 
additional “squares — buds and inclosing bracts. Any additional squares 
that happened to develop beyond the third node were shed. Wadleigh 
further determined that when the low-mirocen cotton plants had set a 
total of five Kills, an average, all additiimal young bolls fell off. 

Plants grown at the highest level of nitrogen studied, on the other 
hand, prixiuced approximatelv three times as many blossoms and set 
more than four limes as rnunv bolls. Wadleigh also found that 90 
[xrccni of the bolls which set on plants highly deficient in nitrogen 
wcurred at the primary nodes of the fruiting branches, whereas only 

Percent were sc> located on plants which had receiv*ed adequate nitro- 
gen. In other words, flowers and eventually bolls developed further 



f n^rtr ft of .4Uif>ama Agrt Exp Sta. 

Figure 2 hffeci of nitrogen deficiency on the 
grovMh of the cotton plant. Note the dc- 
'elopmeni of onI> i few vegetative and 

fruiting branches 
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outM,ard «.n the fruiting branches, of pfants supplied v-ith adequate muo 

?cn. with the result that yields were greatly increased 

According to Wadteigh's data. to 7U percent of the bioss«Mns prev 
duced by cotton plants, regardless of the level erf nitrogen studied vscre 
shed Thus, the abscission process in cotton acts as a safety va ve in 
that all fruiting forms are shed which cannot be adequately deve^d 
at the current level of available nutrients This ,s consistent wnh the 
usual observation that cotton mvmially produces many more flowerv 

than it can mature into fruit. 

NVadleiph also determined that nitrogen nutrition exerts a determma- 
live effect as to whkh fruiting branches bear the major portion of the 
ffowers and set bolls. He found thtit 70 percent of the bolK set on 
nitroscn-dcficient plants were carried on the first 5 fruiting branches 
which K.rc VK percent of the blossoms In effect, the n.troacn-dehciew 
Dlanis produced onlv a - bottom" crop of bolls. On bolstering ihe mtror 
cnous reserve of the plant, however, an increasing productiveness of 
the upper branches resulted. Some bolls, for instance, were set above 
the twentieth fruiting branch of plants supplied with adequate 
which resulted in the production of a “top." "middle and f^lom 
crop In the light of these investigations, Wadlcigh stated that fruiiinf 
behavior in the cotton plant is definitely a function of the arimunt md 
quality of available nutrients rather than of water supply to which some 

investigators have attributed the shedding of fruiting forms 

A further deduction may be made from Wadleigh’s results t^ the 
difference in number of seeds per boll initiated by plants low or high in 
nitrogen is not significant. In plants deprived of adequate 
however, a marked decrease in the number of seeds -^ich deve^ 
per Ml with a resulting increase in the number of al>>rtcd cmbiym^ 
or motes, occurred as the fruiting season progressed. In 
received adequate nitrogen, more sound seeds developed per M 
bryo abortion obviously limits weight of seeds, hence affec s ^ 
Wadleigh thus reported that nitrogen nutrition tended to increase 

The average weight of individual seeds tended to increase wth 
increase in level of^ nitrogen nutrition, accompanied by a marked . 

crease in protein content. Seeds produced by 

found to be onlv 17.6 percent protein, whereas seeds rom 

plants contained 27.0 percent protein. The oil content. 
by Wadleigh. was 29.2 percent in seed from plants madequ 
w ith nitrogen as compared to 24. 1 percent in seed rom p 
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adequau* nitrogen. An increuNe in both number and size of bolls result- 
ing from adequate nitrogen, hos^eser. should result in more total oil 

being pruduced per acre 

i ml pcrceniage, ucc^rding lo Wadleigh?^ observations, also tended to 
decrease with an increase in nitrogen Nupply to the plants. He ascer- 
tained several different criteria of measurement, however, that length 
of imi shA^wed a slight tendency to increase with increase in the levels 

i>f available nitrogen. 

These findings led Wadleigh lo conclude that a definite relationship 
cvisis between growth of cotton plants, as indicated by vegetative vigor, 
and yield of lint and seed. This expected relationship, he further con- 
cluded, IS frequcnilv disturbed by the ravages of insects and diseases. 
Yet the fad remains that small, stunted plants do not constitute a 
framework of sutheient si/e to produce a bumf>er crop of cotton. 

PHOSPHORUS (P) DEFICIENCY 

Allhi)Ugh required bv cotton in a lesser quantity than nitrogen, a 
rather substantial amount of phosphorus must be supplied the crop to 
realize optimum yields This nutrient is known to stimulate early and 
extensive development of the rix)i system which, in turn, enables the 
plant to grow rapidly and to mature earlier. The presence of this nutrient 
IS essential to such processes as photosynthesis, synthesis and break- 
down of carbohydrates, and transfer of energy' w^hich lake place in the 
plant As a component of cell cvloplasm, or living matter, phosphorus 
IN involved in the division of cells and transfer of hereditary character- 
istics Phv>sphorus also stimulates bUx>ming and promotes seed formation 
by the plant. 

INFLUENCE OF SOIL AND CLIMATIC CONDITIONS 

Lack of phosphorus long since has been known to constitute a limit- 
ing factor in cotton prixluciu>n even in virgin soils of the humid climates 
which contain a low native supplv of this element. Furthermore, the 
relatively low pH value in many of these soils indicates that soil com- 
plexes exist which can kx:k up or “fix** large quantities of the phosphorus 
that may be applied in soluble form. Fixation in the soil rather than 
k>sN from the soil, as is the case with nitrogen, is the chief problem 
relating to phosphorus. 

Unquestionably the calcium content of the carriers or fillers in ferti- 
lizers, though often highly inadequate for creating the most desirable 
pH level in the soil, has lowered somewhat the fixation of applied 
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phosphorus, and thereby favored yields in the old Cotton Belt of the 
South Raising the pH of those soils to appropriate levels through the 
application of agricultural lime is thus suggested to increase the efficiency 
of applied phosphorus and thereby lower the incidence and degree of 

deficiency symptoms. 

With the native supply of phosphorus becoming progressively greater 
from the eastern to the western areas of the Nation, deficiencies of this 
nutrient decrease proportionately in going from the old Cotton Belt to 
the newer areas of production. Furthermore, fixation of applied phos- 
phorus is a problem of lesser importance in the highly calcareous soils 
of the semi-arid Southwest and West on which production of cotton 

has been rapidly expanding. 


LEAF SYMPTOMS 

Leaves from phosphorus deficient plants, in marked contrast to leaves 
from nitrogen deficient plants, remain dark green in color. Similarly, 
however, they are reduced in size. A comparison in both size and color 
of a typical leaf from a phosphorus deficient plant with one from a 
nitrogen deficient plant is shown in plate 1. The two leaves, in turn, 
are compared with a leaf from a plant which was adequately supplied 

with both nutrients. 

As is the case with a shortage of nitrogen, too little phosphorus is 
first reflected in the lower or older leaves of the cotton plant. The 
deepening of the green color of the leaves then progresses upward on 
the stalk to the extent that phosphorus is deficient. This occurrence sug- 
gests that the nutrient moves, as the supply diminishes, from the older 
tissues to and in support of the younger tissues. 


STALK SYMPTOMS 

Other than the dark green color and reduced size of the foliage, a 
most striking phosphorus deficiency sympton is the decidedly dwarfed 
condition of the cotton plant. The marked difference between size of 
plants which received adequate phosphorus and those grown on a soil 
highly deficient in this element is shown in plate 3. 

As will be noted in the mid-season stage of growth of cotton shown 
in plate 3, the primary stalk of a phosphorus deficient plant is 
restricted in size. Practically no secondary branches are to be seen. T e 
ability of the plant to produce carbohydrates, as well as set the num 
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of bolls required for optimum yields, is thereby greatly reduced. Both 
total growth and eventually yield are thus reduced under deficiencies 
of phosphorus. 

FRUIT symptoms 

An extreme deficiency of phosphorus not only reduces the number 
but also delays maturity of the relatively few cotton bolls which ac- 
tually develop. First blooms may be observed on highly deficient plants 



Figure 3. Effect of phosphorus deficiency on maturity of cotton. Plants in plot at left, 
which received no phosphorus in the fertilizer, show typical late maturity. Plants in plot 
at right, which received adequate phosphorus in the fertilizer, show normal maturity. 


at a time when fully developed and opened bolls occur on plants grown 

similarly but adequately supplied with phosphorus. This occurrence is 
strikingly shown in figure 3. 

This delay in blooming, fruiting, and final maturity of bolls caused 
by a deficiency of phosphorus can present a very serious problem where 
the infestation of boll weevils is likely to be heavy. Even in the absence 
of insect damage, failure of bolls to fully develop before the normal 
maturity date is likely to occur. Inferior quality of staple, as well as 
reduction in number of bolls and thus quantity of seed and lint, often 
results from a phosphorus deficiency in the cotton plant. 
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POTASSIUM (K) DEFICIENCY 

A substantial quantity of potassium, as the third major nutrient, 
likewise is required for optimum production of cotton. The capacity ol 
the cotton plant to accumulate calcium very probably tends to intensify 
the need for potassium to maintain an adequate supply of soluble 
carbonate ions. These ions are necessary in the synthesis of constituents 
required in the production of the carbonaceous fibers for which cotton 
is primarily grown. Also, potassium is necessary for movement of 
starches and sugars between different parts of the plant, for normal cell 
division and growth, and for the neutralization of organic acids. Fur- 
thermore, potassium is known to increase the oil content of cotton seeds. 

INHUENCE OF SOIL AND CLIMATIC CONDITIONS 

A definite interrelation exists among potassium, calcium, and sodium 
in the nutrition of the cotton plant. The accelerated use of limestone 
in some areas very probably has significantly increased the intensity 
of potash deficiency symptoms in cotton. This may be partially due to 
the lowering of the availability of the soil potassium through the forma- 
tion of low solubility compounds, and partially due to the increased 
quantity of calcium absorbed which, in turn, increases the requirement 
of potassium for optimum production. Potash deficiency symptoms, 
therefore, are most likely to occur in soils with abundant supplies of 
calcium, particularly if the vegetative growth of cotton plants is re- 
stricted and fruiting is unusually heavy. 

Although sodium has not been determined an essential nutrient in 
the growth of the cotton plant, research has established that this nutrient 
in a soil relatively low in potash will result in both growth response and 
increased yield. According to established solubility values, however, 
potassium should be much more efficient than sodium in maintaining 
a soluble supply of carbonates available for photosynthesis. The fact 
remains, however, that the presence of sodium in the soil seems to 
partially alleviate potash deficiency symptoms in cotton plants grown 

under low levels of potash. 

LEAF SYMPTOMS 

The symptoms in cotton associated with lack of potassium in ferti- 
lizer often are very pronounced. A lack of this nutrient results in a 
striking malnutrition symptom commonly called cotton rust, 
first symptom, a yellowish-white mottling of the foliage, changes 
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leaf color to lisht vellowish-grecn, vellow spots appearing between the 
veins. The centers of these spots die and numerous brown specks occur 
at leaf tips, around margins, and between veins. The tips and margins 
break down first and curl downward. Leaves from a highly deficient 
plant showing the earlier signs of potash hunger are contrasted with a 
normal leaf in plate 4. 

As the physiological breakdown progresses, the whole leaf becomes 
reddish-brown, dries, and finally becomes scorched and blackened in 
appearance by the time it is prematurely shed. Premature dropping of 



Figure 4. Cotton showing potassium-deficiency symptoms. Plot at right received no 
potash. The leaves shed prematurely and the bolls were dwarfed. Plot at left received a 

complete fertilizer containing adequate potash. 

leaves from potash deficient plants, in comparison to retention and con- 

tinued activity of those on non-deficient plants, is quite evident in fig- 
ure 4. 

STALK SYMPTOMS 

The cotton stalk often fails to develop to its full potential when a 
deficiency of potash limits carbohydrate production. Long before its 
normal maturity date, the main stem and branches often become with- 
ered and dry. Fn contrast, a plant supplied with adequate potash con- 
tinues its vigorous growth until normal maturity is reached, as evidenced 
in plate 6. 
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FRUIT SYMPTOMS 

The prenT 3 ^ture shedding of lenv'es resulting from potush deficiency 
prevents the normal development of bolls which remain dwarfed and 
immature. Many bolls so affected fail to open altogether, or only par- 
tially. and the fiber therein is of poor quality. A boll from a plant which 
was highly deficient in potash is compared with one from a plant which 
receive'd an adequate supply of this nutrient in plate 5. As may be 
e.xpected. the picking of seed cotton from improperly developed bolls 
of potash deficient plants is much more difficult and far less complete 
than from bolls which have developed fully and matured normally. 


CALCIUM (Co) DEFICIENCY 

The relationship of calcium to soil pH. and the importance of proper 
soil pH to crop production, are subjects that are far too complex and 
much too complicated to come within the scope of this chapter. Other 
than to mention the importance of maintaining a desirable soil reaction 
for maximum availability of other plant nutrients, which proper appli- 
cations of limestone can effect, this discussion will be limited to the 
contained calcium as an essential nutrient in the normal growth of the 
cotton plant. Calcium is required within the plant cell to favorably 
influence the activities of certain enzymes. It is especially essential in 
cementing together the u alls of cells to create the form and shape which 
the individual plant assumes. When calcium and pectin combine, cal- 
cium pectate results which is the cementing material of cell walls. These 
facts point up the essentiality of calcium in the growing points of roots 
and .shoots of plants where division and formation of new cells take 

place. 

INFLUENCE OF SOIL AND CLIMATIC CONDITIONS 

Considered generally, upland soils of the old Cotton Belt are deheient 
in calcium. Limited out-croppings of calcareous soils occur, however, 
throughout the South. Quite frequently cotton plants grown on these 
soils, in comparison to those grown on nearby highly acid soils, reflect 
the significant effect which calcium has upon the vcget.itive and fruitirij. 
habits of the crop. A U>w supply of calcium results in the production of 
relatively large jdants and comparatively few fruiting forms. In com- 
parison, an abundant supply i.f calcium results in the production of rela- 
tively smaller plants but stimulates early and abund.int fiuitiii-.. 

Since ccittim is a calcium-accumulator, cc'iisidci.iblc v.iiiatitn 
occur in the calcium cimtcnt of plants without significant cflccts up 
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growth and yield. Since the total quantity of calcium absorbed by a plant 
may be significantly affected by its capacity to synthesize organic acid 
compounds, a fairly uniform calcium content may be found in plants 
grown on soils differing widely in calcium content. 


SYMPTOMS 

Since the calcium content of cotton seeds has been determined to be 
verv low, investigators have suggested that the intensity of the energy 
available to seedling plants from respiration may not be sufficient to 
readily assimilate phosphorus in the form of calcium phosphate. As 
soon as cotton seedlings emerge from the ground and are capable of 


Figure 5. Three- 
week-oid green- 
house cotton seed- 
lings grown in 
complete nutrient 
solution low in cal- 
cium (8 p.p.m.y. 
Note the bending 
and the collapse of 
the leaf petioles. 



Courfesy of John T. Presley, \fississippi Agricultural Experiment Station 
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utilizing the energy of sunlight, which contains a higher level of energy 
than commonly is available in respirati.Mt processes, need anses for 
an abundant supply of calcium. In the absence o an adequate supply 
of calcium at that time, deficiency symptoms are likely to appear. 

Three-week-old cotton seedlings which show calcium de icicncy 
symptonts are illustrated in figure 5. The plants pictured were grown 
in a complete nutrient solution containing 8 parts per milhon of cal- 
cium. Note the bending and the beginning of the collapse of affected 
leaf petioles. These symptoms manifest themselves in the cotyledons 
as well as in the true leaf petioles. Loss of stands from the dying of 
cotton seedlings during cool, wet seasons may possibly be related 
to an inadequate supply of available calcum prevailing at the time. 
The inherited calcium-tolerance mechanism may result in the syn- 
thesizing by cotton .seedlings of organic acid compounds which must 
be partially neutralized to produce vigorous growth. 

MAGNESIUM (Mg) DEFICIENCY 

Magnesium is another nutrient element that is used by cotton in 
rather appreciable amounts. This nutrient has been determined to be 
active in enzyme systems, but more especially is it significant as a 
constituent of chlorophyll. As such, magnesium plays a vital role in 
the photosynthetic process which takes place in the plant. 

INFLUENCE OF SOIL AND CLIMATIC CONDITIONS 

Magnesium deficiency symptoms appear rather widespread in the 
southeastern part of the United States, including most of the Coastal 
Plain some of the Piedmont, the Ozark Plateaus, and the southern end 
of the Appalachian Highland. Deficiencies appear much less ^ 

on the red podzolic soils of the South that usually contain considera 
quantities of this nutrient which may become available to a long-gro\v- 

ing-season crop like cotton. •,<:»„ a 

The kinds and quantities of fertilizers added to the soil a 

very significant effect upon the occurrence and the extent of 
deficiency symptoms in cotton. The solubility of the ^ 

pounds in fertilizers has been related directly to the J^cidence o d ft^ 
ciency symptoms in the cotton plant. The source of nitroge 
fertilizer used, for insiance, has been found to exert a 
influence on the solubility and loss of magnesium ^ ^ 

ammonium phosphate has been used as the source of mtrogen. 
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example, magnesium deficiencies have been held at a minimum. This 
has been ascribed to the formation of magnesium ammonium phosphate, 
the slight solubility of which prevents the leaching of large quantities 
of magnesium from light-textured soils. In contrast, symptoms have 
been far more frequent where fertilizers containing large amounts of 
nitrate, sulphate, or chloride ions were added to such soils. Occurrence 
of marked magnesium deficiency symptoms in cotton has been almost 
completely eliminated on soils which have received sufficient amounts 
of dolomitic limestone applied as such, or introduced into the soil as 
a component of fertilizers. 

SYMPTOMS 

The characteristic symptom of magnesium deficiency in cotton is 
purplish-red leaves with green veins, as shown in plate 7, in which such 
leaves are compared to a normal leaf. Late in the season, however, it is 
sometimes difficult to distinguish betw^een the color due to magnesium 
deficiency and that due to aging or maturity, though the latter is apt 
to be orange-red rather than purplish-red. 

Magnesium deficiency symptoms appear first on the lower leaves of 
cotton as showm in plate 8. As the leaves die, they are shed prematurely. 
Loss of leaves, with a corresponding reduction in photosynthetic ac- 
tivity, results in failure of the vegetative plant, as vs^ell as the fruiting 
forms borne thereon, to develop to their maximum potential. Yields 
of both fiber and seed may be greatly reduced thereby. 

SULPHUR (S) DEFICIENCY 

Cotton is among those crops w'hich utilize relatively large amounts 
of sulphur. This is to be expected since cotton seed is rich in protein, 
one constituent of which is sulphur. In addition, as is the case in all 
other plants, sulphur is associated with the formation of green pigment, 
or chlorophyll, and thus affects carbohydrate metabolism. Furthermore, 

certain of the hormones which serve as growth regulators in plants are 
known to contain sulphur. 

INFLUENCE OF SOIL AND CLIMATIC CONDITIONS 

Although the sulphur supply is rather meager in certain cotton soils, 
production of the crop has been satisfactorily maintained in the past 

through a replenishment from one or a combination of sources, namely 
air, irrigation water, and conventional fertilizers. 

In areas surrounding heavy industrial activity, the sulphur released 
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during the burning of coul may be returned to tlie s(.>il in rainwater at 
a rate as great as 40 pounds per acre annually, an iiniount usually suffi- 
cient for a high-yielding cotton crop. In non-industrial localities, how- 
ever, sulphur additions from rainwater are far less significant, since 
only 4 pounds per acre per year, as an average, are returned to the soil. 
This amount is inadequate, of course, for a good yield of cotton. De- 
pending on the source and amount applied, irrigation water likewise 
supplies varying amounts of sulphur to the soil. As a third source of 
replenishment, certain conventional fertilizers, particularly superphos- 



Figure 6. 


Courfe%y of F, L. Davis, Louisiana Afiricultural Lxrerimenf Sfafion 


Effect of sulfur deficiency on growth of cotton. The plot on the right received 

...If.ir in the fertilizer. 


phate, used in past years have supplied rather substantial quantities of 

sulphur for the production of cotton. 

Under the growing trend toward the use of fertilizers containing 

higher concentrations of major nutrients, from which some or all of 

the sulphur is eliminated, cotton growers are resorting to a planned 

program of adding sulphur compounds to the soil. Rather than re > 

on the incidental applications of sulphur contained in fertilizers, w ic 

may be entirely inadequate, full requirements of the cotton crop are 

thereby being assured. 

SYMPTOMS 

When cotton is grown on a soil deficient in sulphur, ^ 

the tops of plants become yellower as growth progresses, w ereas 
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old leaves usuall> remain green. This characteristic symptom of sulphur 
dcficiencN mav be noted in hgure b, in Nvhich a plot comparison of 
cotton plants receising inade^^uale and adequate sulphur are pictured. 

Ihis is in marked contrast to the pattern of yellowing in nitrogen defi- 
ciency which almost always begins with the older leases at the bottom 
of the plant and proceeds upw ard on the stalk. This difference has been 
attributed to the fact that unlike nitrogen, sulphur is not readily trans- 
located to new growth. 

In other respects, symptoms of sulphur deficiency are similar to those 
which result from an inadequate supply of nitrogen. Sulphur deficient 
plants are characteristically small and spindly with short, slender stalks. 
A general retardation m growth becomes quite apparent in cotton plants 
growing on soils highly deficient in this nutrient. The generally dw'arfed 
plants resulting from a deficiency of sulphur produce fewer vegetative 
and fruiting branches, as noted in plate 9, than plants which hav'e 
received adequate sulphur. In the sulphur deficient plant pictured, the 
characteristic Ncllow leaves in which the veins remain dark green can 
be noted A deficiency in sulphur, unlike a deficiency in nitrogen, does 
not result in the cotton plant being any less fruitful for its size. Yet 
the fact remains that total yields are decreased as a result of the plants 
being smaller, and failure of bolls to reach their potential size. 


BORON (B) DEFICIENCY 

Even though required in trace amounts, this nutrient plays a highly 
imp<"rtant role in the reproductive processes of the cotton plant. Fur- 
thermore. boron influences conversion of nitrogen and carbohydrates 
into more complex substances such as proteins, affects the transfer of 
sugars within the plant, exerts a marked influence on cell division, and 
aids in the formation of certain membranes. 


INFLUENCE OF SOIL AND CLIMATIC CONDITIONS 

The greater part of the old Cotton Belt has been designated as an 

area in which boron deficiency will become more widespread in the 

immediate future. On highly calcareous soils or heavily limed soils. 

'^upphes of available boron may be reduced to verv low levels and 

thereby result in reduced yields of cotton. The calcium from limestone 

combines with soluble boron to form calcium metaborate. With the 

continuing increase in the application of agricultural lime in the old 

Cotton Belt, a significant decrease in solubility and availability mav 
reasonably be expected. ' ' ' 
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The very low solubility of calcium metaboratc, as compared to the 
high solubility of potassium tetraborate, may be one of the reasons 
why increasing the available calcium in the soil decreases the avail- 
ibility of the boron present. By the same token, the high solubility of 
potassium tetraborate suggests that the addition of potassium should 
increase the availability of the boron in the soil. This possibility may be 


responsible for some of the increases associated with potash applica- 
tions. Since many of the soils in the old Cotton Belt require an applica- 
tion of lime to produce optimum yields of cotton, a simultaneous appli- 
cation of boron necessarily may be required. 

Since boron occurs in both the mineral form and in the soil organic 


matter, deficiencies may be expected in soils which have a low mineral 
level or are low in organic matter. Such is the case with many soils 
within the old Cotton Belt. Extreme drought, therefore, may result in 
lower availability of boron normally made available through the break- 


down of organic matter. 


SYMPTOMS 

Boron-deficiency symptoms frequently appear first in the terminal 
growth of the cotton stalk. The terminal bud often dies, checking linear 
growth. Many lateral branches then arise which have short internodes 
and enlarged nodes. These impart a bushy appearance to the plant, 
which is often referred to as a rosette condition. The characteristic 
tendency of boron deficient plants to assume the rosette, or profusely 
branched condition, may become evident, even in the young stages of 
growth. Young leaves of boron deficient plants frequently are yellowish- 

green in color. . . 

Miley and Woodall of Arkansas (33), and Lancaster et al. of Missis- 
sippi (29), have described certain boron-deficiency symptoms in cotton 
which are appearing rather widespread in their respective states during 
the growing season under certain climatic conditions. As related, the 
darker green, older leaves often become thick and leathery and fre- 
quently have abnormally long, spongy petioles. The shorter leaf 
often are twisted with small ruptures appearing over their surfaces. The 
pith within the leaf petiole may become discolored. Late in the 
season, leaves on the upper half of the plant are either irregularly o 
ragged-edged, or distinctly small in size. These leaves usually rem: 

green until the date of killing frost. h -rts 

At a low boron level, flower buds become chlorotic, an t e . 

flare open. Rupturing usually occurs at the base of the square 
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inside ur outside the bracts. An excessive flow of plant juices from the 
fruit and leaf nectaries frecjuentK occurs. Finally, mans of the fruiting 
forms, both sc|uares and young boils, become dried out and either re- 
main on the stalk or fall to the ground. In plate 10 is pictured a field 
view which reveals the heavily fruited plants v^hich received adequate 
boron and the praclicallv barren plants which failed to receive adequate 
boron Fwv) nmtrasting plants, also shown in plate 10, reflect these 
characteristics in greater detail. 

In association with a boron deficiency, bolls which survive often are 
deformed, presenting a flat-sided or hook-billed appearance. Such bolls 
arc reduced in si/e and tend to open only partially. A dark discoloration 
which extends inside mav be noted at the base of the boll. The excessive 
shedding of both squares and young bolls, together with the deformed 
condiiii>n of the relatively few which mav persist, results in extremely 
low yields. 

if a soil is near a deficiency level of available boron, a heavy lime 
application will hasten the appearance of deficiency symptoms. This 
emphasi/es the importance of applving lime according to soil lest. There 
remains the further problem of determining the quantity of boron that 
may be applied wiihiiui leading to toxicity. In areas where boron defi- 
ciencies are occurring in cotton, the safe levels of boron application are 
being determined through carefully controlled experiments. 


MANGANESE (Mn) DEFICIENCY 

The mmule quantity of manganese essential to optimum production of 
cotton is ihviiight to influence the movement of iron within the plant. In 
cimjunciion with iron, this nutrient apparently assists in the synthesis 
of chlv'rophvll. This theory is based on the fact that all chlorophyll 
tissues I leaves) have high concentrations of manganese. 


INFLUENCE OF SOIL AND CLIMATIC CONDITIONS 

Manganese deficiency symptoms in cotton have not been widely 
observed under field conditions. This nutrient can be leached from 
st>ils, however, particularly under highly acid conditions, with the result 
that deficiency symptoms may appear in crops grown thereon. As an 
example, certain low pH soils along the Atlantic Coast in the south- 
eastern state*, which originally contained low native amounts of manga- 
nese. are now deficient in this nutrient. Deficiency symptoms which did 
not appear earlier, due to the strongly acid reaction of the soils which 


84 


HUNGER SIGNS IN CROPS 


favored maximum availability of the limited quantity of manganese, 
are now manifesting themselves in cotton grown in those areas. 

The liming of acid soils to an alkaline reaction has been the most 
common cause of manganese deficiencies in crops. The relatively low 
solubility of manganese hydroxide, which often prevails under such 
conditions, indicates how the availability of the contained manganese 
may be significantly lowered through liming. The problem of manga- 
nese deficiency may thus be solved, depending on the soil reaction, 
either through direct application of manganese, or through the applica- 
tion of sulphur or other acid-forming materials which increase the 
solubility and availability of native supplies of this element. In some 



Figure 7. Left, normal leaf. Right, manganese-deficient leaves 


cases, manganese sulphate applied as a spray on the foliage of certain 
crops has successfully eliminated deficiency symptoms. 


SYMPTOMS 

Manganese apparently tends to accumulate in the leaves of plants. In 
the absence of adequate quantities of this nutrient, the upper or younger 
leaves are the first to be affected. They become yellowish-gray or reddish- 
gray in color with green veins. The characteristic deficiency symptoms 
in cotton grown in solution cultures at the New Jersey Agricultural 
Experiment Station are shown in figure 7, in which two stages of 
mansanese deficiency in leaves are contrasted with a normal leaf of a 
cotton plant which received an adequate supply of this nutrient. 

Excessive quantities of water-soluble manganese in the soil have been 
reported by Neal and Lovett (38. 40). The first noticeable feature is 
the appearance of abnormal leaves. They are puckered, mottled, partia y 
chlorotic, and variously distorted in early stages, with necrotic lesions 
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sLibsequently appearing along and between the veins. As the plant ap- 
proaches maturity, the affected leaves become slightly thickened, brittle, 
and ragged at the margins as illustrated in figure 8. Xhis condition has 

been termed “crinkle leaf" in cotton, 

Verv probablv v'arious degrees of manganese toxicity occur in cotton 
^rov^n on many of the highly acid red podzolic soils of the old Cotton 


Figure 8. Crinkle 
leaf or manganese 
toxicity of cotton, 
A. healthy plant. 
B to D show vary- 
ing degrees of 
manganese toxic- 
ity s\mpioms. The 
leaves are puck- 
ered, mottled, par- 
tially chlorotic and 
variously distorted. 



Courtesy of D. C. Neal, (J, S, Department of Agriculture 


Belt. More definite information is needed concerning the quantities of 
manganese required for optimum growth, as well as the level at which 
this nutrient will become toxic to the cotton plant. 

ZINC (Zn) DEFICIENCY 

That the level of zinc in certain soils of the nation is inadequate for 
maximum crop production long has been established. Particularly in 
regions in which intensive cropping programs are followed on strongly- 
weathered and coarse-textured soils, as in certain sections of Florida, 
zinc has constituted a limiting factor in crop production. In other areas, 
low availability rather than limited total zinc supply has resulted in the 
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appearance of zinc deficiency symptoms in growing crops. Heavy use 
of agricultural lime on acid soils raises the pH with the resulting forma- 
tion of zinc hydroxide which has very low solubility. The insolubility 
of zinc phosphates also suggests that large applications of phosphorus 
also may tend to decrease the availability of zinc to plants. 

In the Southwest and West where land-leveling is widely practiced to 
set the stage for high yields through more effective irrigation, as well 
as through better drainage and more uniform cultivation and applica- 
tion of pesticides, the incidence of zinc deficiency in cotton is increas- 
ing on some soils. 

INFLUENCE OF SOIL AND CLIMATIC CONDITIONS 

Appearance of zinc deficiency following land-leveling may reasonably 
be expected to occur, according to Krantz and Brown ( 11 ), since the 
available zinc of the surface soil is often double that of the subsoil. 
As stated by Krantz. this may be attributed to the fact that zinc is held 
by the soil particles, and does not move downward with irrigation water. 
Deep cuts into a soil that is moderately low to low in available zinc may 
well expose zinc-deficient subsoils. Over those somewhat localized areas 
of exposed subsoil in a given field, cotton is likely to exhibit zinc 

deficiency symptoms. 

SYMPTOMS 

As described by Bassett ( 1 ) . young, affected plants fail to develop 
normally. Stalk elongation practically ceases for a while, the shortened 
internodes imparting a bushy appearance to the young plants. Growth 
usually is renewed later in the season, however, with rapid develop- 
ment of stems and leaves. By the end of the season, the plants may be 

fairly rank. 

Bassett also observed that germination of cotton seeds usually is 
normal under zinc deficient conditions. Shortly after the appearance of 
the first true leaves, a general bronzing and often a pronounced inter- 
veinal chlorosis appears. The leaves become thick and brittle with their 

margins cupped upw'ard. as shown in plate 11. 

Squares and flowers may develop on young zinc deficient plants be- 
fore retardation of growth commences, but these usually are shed. After 
growth is renewed, additional squares may be set which mature into bolls 
depending on climatic conditions. An extremely late crop results which 
is always hazardous from the viewpoint of both insect and weather 
damage. In any event, yields are drastically reduced as the lesult o 
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losing the earlier and usually more valuable bottom crop of seed cotton. 
These characteristic departures in growth from that of a plant which 
receives adecjuate zinc also are pictured in plate 1 1. 

SUMMARY 

In view of the wide diversity of soil types and climatic conditions 
under which cotton currently is produced, no attempt will be made to 
suseest rates of application of the several essential nutrients that will 
eliminate the deficiency symptoms ascribed to each. The suggestion is 
made instead that all diagnostic tools, such as soil and plant tissue tests, 
be employed and related to information established through research 
in an effort to remove as nearly as possible any guess work in the fertili- 
zation of the crop. Since the relative cost of commercial plant nutrients 
is among the lowest of all production items, the grower can not afford 
to permit a deliciency to constitute a limiting factor in the production 
of cotton. 

Although the essentiality to plant growth of chlorine, copper, iron, 
and molybdenum has been firmly established through research, defi- 
ciency symptoms of these have not been clearly differentiated and fully 
described for cotton. For this reason, these nutrients are not discussed 
in this chapter, nor are they included in the key to follow in which 
the better established deficiency symptoms are identified. 
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KEY TO PLANT NUTRIENT DEFICIENCY SYMPTOMS IN COTTON 

I Causal par.isitcs or viruses absent common all Ueticicncic^. 

11. More or less localized effects and decreased growth common to all dehcicncics 

FJerfient 

fh'ficitnt 

l^fTects lociili/ed on older or lower ^ea^cs or more or less general on 
whole plant. 

B. Symptoms leva!, incurring as mottling or chlorosis with or with- 
out necrotic spotting (Jireas of dead tissue) on lower leaves; 
little or no drying up of lower leases. 

C- Lower leaves brittle, curved or cupped under, with >cllowish- 


whitc mottling between veins. Necrotic spots present Potassium 

C. Lower leaves purplish-red with green veins MagncMum 

B. Symptoms general, with yellowing and drying, or “firing. ’ of 
lower leaves. 

C. Plants light green: lower leaves yellow, drying to brownish 

color Nitrogen 

C. Plants dark green, leaves and plants small, maturity delayed . . F'hmphoras 

C. Pronounced inierveinal chlorosis and bronzing of leaves which 

become brittle with upturned margins; maturity delayed Zinc 

A. Effects localized on terminal growth (newer or bud leaves) 

B. Dicback involving terminal buds, resulting in many-branched 


plant. Young leaves yellowish-green, flower buds chlonUic. 

Early indications arc banded petioles and ruptured peduncles. . . Br)ron 

B. Terminal buds remain alive; chlorosis of upper or bud leaves. 

C. Leaves yellowish-gray or reddish-gray with green veins . Manganese 

C. Young leaves first affected, turning pale green, older leaves 

remaining greener; plants dwarfed Sulphur 
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( '^rtrvv 0^ ^ / ■..»#.*.# > # 


I'late 2 Nitr»*|5efY deficiency in cfHlim *% char*ctcri/ed hv vclkn^r color id mmI 

gruwih fhe pli^t im ibe left did n«»f receive nifrofen in tbe ferlih/cr. the pt«ii on Ike ri||M 

received <« u^mplete fertiluer 



Plate 3. Effect of pho^phoru^ on color and prowth of cotton Right the ^ 

plants exhibiting pho 5 ^phorus deficiency, growing on plot with no phospb<?nis m f 

Left, normal healthy plants gro'fcing on ^ell-fcriiJizcd fieW. 
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Plate 4. Colton leaves showing potassium deficiency symptoms. Left normal green leaf. Right, 

reddish-brown leaves with ragged margins due to potassium deficiency. 




Plate 5. Cotton boll showing potassium deficiency symptoms. Left, 
boll. Right, small, immature, partly opened boil resulting from 


normal, large, well-opened 
a deficiency of potassium. 
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Courtesy of Pee Dee Experiment Station, Florence. S C 

Plate 6. Growth characteristics due to potassium deficiency. Top. plants did not 
in the fertilizer. Note premature shedding of the leaves and the immature, part y ope 

Bottom, normal growth of plants that received a complete erti izer. 
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Plate 7. Cotton leaves showing purplish-red color w'iih green veins resulting from magnesium 

deficiency. Leaf at left is normal. 



Cnurtesy of J, E. Mc\furtre\ . Jr., .S’. Department of Agriculture 

Plate 8. These cotton plants did not receive magnesium. Note the purplish-red color of the 

lower leaves and premature shedding of foliage. 
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Courresy of W . ,V. MUn and G. W. Hnrdy, Arkansas Agricullurat F.x,ens,on 

Service and Experiment Station, respectively. 

Top: C otton plants showing mid-season, droiicht-induced horon 

som *^ela>ed maturiiv of ihc plants the branches of 
™„„.d a, i.P>. .no » ap.™ «, of holla a„ readila „„,,d. nT™I „,au,rt" aaj“[ 
u IS , characten/e plants in treated plot at riaht 

Bottom: Removal of all foliage clearly reveals almost barren boron d^eficient nlants in th • 

untreated plot and heavily fruited plants in the treated plot above. 
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158 


of H. Af. Krantz, California Agricultt4ral Extension Ser\tce 


Plate 1 1. Zinc deficiency. Top: HfTect of zinc deficiency in young cotton p an . ^nd brittle 

yellowing to bronzing between the veins of leaves, the older ones of w ic are 

with their margins often cupped upward. f^pivp an ade* 

Bottom: Effect of zinc deficiency in older cotton plants at left, u t)are at 

quate supply. Note the clustering of smaller leaves near the ^ ^ ^ ut which received 

its base. Early inhibited growth often results in a late fruit set. Plants at right, 

adequate zinc, display normal growth habits. 
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chapter IV 


Nutrient Deficiencies in Tobacco 

By J. E. McMurtrey, Jr.* 


the soil does not furnish adequate quantities of these chemi- 
cal elements necessary for the normal development of plants, it 
becomes a matter of great importance to supply the elements by means 
of manures or fertilizers. But first some simple, practical method for 
finding out what elements are lacking must be put to use. 

This can be done by careful observation of growing plants, a process 
which should and does furnish the most direct evidence of their nutri- 
tional condition. The tobacco grower who wants a high-quality product 
should keep his plants growing normally and during growth watch for 
signs that something is wTong. Careful experimental work has resulted 
in a systematic method of recognizing or diagnosing shortages of sev- 
eral chemical elements by symptoms produced in the tobacco plant. 

Of course, growth of plants can be compared by measuring their 
dry weight; in fact, this is the method that usually has been followed 
in experimental work. It is not w'ell adapted to the needs of the farmer, 
however, and in the case of tobacco it does not by any means tell the 
w'hole story. With tobacco, the total tonnage produced is not the only 
thing of importance. Much of the value of the crop depends on that 
complex and elusive factor, quality. Quality in turn depends on color, 
aroma, fire-holding capacity, texture, elasticity, body, ability to im- 
prove with aging, and other characteristics. Moreover, the qualities re- 
quired are different for the several so-called types or classes of tobacco 
— cigar, flue-cured, burley, Maryland, dark air-cured, and dark fire- 
cured. Conditions during grow'th unquestionably influence the quality 

of the final product, though it is by no means possible as yet to tell 
exactly in what w^ays. 


• J. F. McMurirey. Jr., leader. Tobacco Investipaiions. Crops Research Division ARS r 
Departmcni of AgricuUure. Rcitsville. Maryland. ’ ^ . S. 

esseniially that of U. S. Department of Agriculture Technic il 
Htrtin 61a,, with ^dcJition^l color plaics and new subject mailer 

Credit is due Marcel L. F. Foubert. Frank M. Blake, and F S Knnhlrtrt ..f e. .• r i.. 
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BACKGROUND OF DIAGNOSIS 


According to modern views (12), the higher plants require the fol- 
lowing chemical elements in order to make normal growth, and they 
require these elements in suitable quantities and forms; carbon, hydro- 
gen, oxygen, nitrogen, phosphorus, sultur, potassium, calcium, magne- 
sium. iron, manganese, copper, molybdenum, zinc, and boron. The im- 
portance of silicon and aluminum in the growth of the tobacco plant 
under field conditions has not been fully determined, though these ele- 
ments have been reported by some investigators to be of importance in 
the growth of other plants. 

Nitrogen, phosphorus, sulfur, potassium, calcium, magnesium, iron, 
manganese, copper, molybdenum, zinc, and boron are present in vary- 
ing quantities in agricultural soils. Sometimes they may be present in 
abundance but one or more of them may be tied up in chemical com- 
pounds that plants cannot readily use. This, of course, is equivalent 
to a shortage. Decreased grow'th results when the supply of any one of 
these elements is insufl'icient. Since this is true for all of them, it is 


necessary to watch for other signs besides decreased growth to discover 
which clement is not present in large enough quantities. 

These signs or symptoms of mineral hunger in plants, of course, may 
be modified to some extent by other factors affecting growth. Light, 
temperature, and amount and distribution of the water supply all have 
an influence on growth, and they also affect the total quantity of the 
chemical elements required by the plant and the rate at which these 
elements must be supplied. Even under varying field conditions, char- 
acteristic symptoms due to the deficiency of an element will be found 
essentially the same. 

To say that a single element is deficient is ordinarily the same as 
saying that there is an excess of other elements in relation to that one. 
The result is an unbalanced nutritional condition in the plant. It may 


not always be possible to distinguish betw'een the effects due to the de- 
ficiency and the effects due to the relative excess of the other elements. 
In some cases, too. there may be a large excess of .some one element, 
and this may interfere with the solubility, absorption or utilization of 
another element to such an extent that acute deficiency .symptoms ap- 
pear. even though there is an abundant supply of the second element. 
Similar effects may result from the acid-alkaline reaction of the soil 
(or any other medium in which the plant is grinvn). Again, symptoms 
of poisoning may be added to symptoms of mineral deficiency. 
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there is ilie t|ue.siii>n of uhai happens when nu>re than une element is 
deficient. The an^v^er, lu'twever, is ni>t so eoniplev as it might be. since 
the visible etTeels are usiiall\ ihi>se eliaraeteristic of ilie element that 
is most delicient. 

A deliciency of an element tnay occur at an\ time during the life o\ 
a plant, and neither its si/e iu>r its age alters ilic etfeets. As a rule the 
most typical s\mptoms are those that sluw^ up first, and these are the 
ones that ser\e best to disiineuish a shoriaee o! i>ne element Irvun that 
of another. It is not unciMiimon to observe more pronounced symptoms 


on ime side of a plant or e\cn on <>ne-hall of a leat than cm the i>ther 
(II) due lo failure ot cross transfer i*f nulnenis. After the diagnmis 
has been made, the practical reined) is usually obvious and nu>re or 
less easilv applied. In nu'si cases, under field conditu>ns it consi<;is 
simply ivf adding the missing element in suitable form to the soil. 

lAen ihi>ugh the missing element is supplied, deficiency symptoms 
may occur if the element is not supplied in the right amount for the 
prevailing ci>nditums, or it the condilituis are such that it is unavailable 
f4>r use by the plants. 1 hese are p^unts that must be kept in mind by the 
grower. I he li>bacct» plant has a relaiivelv hii^rh content of minerals. 

^ • « C- 

as evideiKed by the amount of ash that remains after it is burned. Its 


grmvih is rapid, and adei^uale supplies of the necessary elements shivuld 
be constantly present in the s<iil. 


In practice, ciunpleie absence of an essential clement frimi the S 4 >il 


rarely if ever incurs. \lsi>, the seeds contain small quantities of the 
essential dcMiients. and the >oung sc-edltngs are con.nwmh gr.mn on 
virgin soils liberally manured and feriili/ed. I hus. it is |V5>sible for the 


young plants lo build up small reserve supplies, pariicuiarly td the clc' 

one part *'f the plant tt> another f inally. 
toinniercial lertih/ers and esen ordinary pure chemicals — usually con- 
tain small (.|u.iniities ot various elements as impurities in addition t«< the 
elements they arc supp.Jscd to tonlain. I be plant, then, is always grown 
under such conditions that, though a given element may he more or 
less deficient, it is fX'rh.ips never cntirelv l.icking 


The nu>st essenti.il lerjuircment for rccogni/ing dehciency svinpionts 
Is a thorough knowledge ot flw plant itself its life hist<»iy and luihiis, 
how it i.H.ks and how ,i acts at all stages of erowilP^t is also neecssarv' 


lo kru»w hov\. diseases and msec I pcsiv affect Ihc 
may imi he confused with the symptoms of plant 


ml. st> their tfTecfv 
N h 1 dc f ic 1 c nc\ l"he 


successful grower has this knowledge ihiough long acquaiiUante with 
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the plant under practical conditions. In fact, once he learns what the 
deficiency symptoms are, he may be able to recognize them much bet- 
ter than the specialized scientist, who is less familiar with the plant 

under all the conditions of practical culture. 

Because of its large area, the tobacco leaf is an excellent subject on 
which to study the effects of any environmental factor on growth. Since 
the plant is produced for its leaf, studies of tobacco leaves during growth 
may eventually have an unusually important practical application. Most 
of the symptoms described in the following pages are found in the leaves. 
Other symptoms could be found, of course, by careful examination of 

the root or stem. 


NITROGEN (N) DEFICIENCY 

Under field conditions, the most common deficiency in tobacco prob- 
ably is a shortage of nitrogen. As a matter of fact, the nitrogen supply 
for the tobacco crop must be controlled to produce leaf of a certam 
type. Some types of tobacco must even be grown under conditions of 
relative nitrogen starvation — Hue-cured tobacco ( 17). for example, and 
to some extent burlev and Maryland (2. 15). Cigar leaf ( 19). on the 
other hand, can be produced successfully only when there is an abundant 

or luxury consumption of nitrogen by the plant. 

F-ven when tobacco must be grown under conditions of relative nitro- 
cen deficiency, the suppiv cannot be reduced to the proper point until 
the plant hav reached a certain size and stage of maturity. This is ap- 
parently an important requirement if the tobacco is to ripen properly. 
The plant mav show signs of nitrogen deficiency at any period of 

gnnvth. from the seedling stage to maturity. 

The effect first becomes apparent as a decrease in the normal green 

color. At the same time, growth slows down or stops. 

After the first change in the greenness of the plant, the lower leaves 
turn lemon yellow to (grange yellow, the shade apparently depending 
on the intensitv of the green before the nitrogen delieieney occurred. 
The darker shades of yellow occur on the plants that had the deeper 

‘shades of green. 

This yelI<>\King is folloued by a drying up, or firing, ol tlic yello\\c 
leaves. The number i»f leaves the plant loses depends on its si/e and 

ihc aciucness of the shortage of nitrogen. 

1 he renuiining leaves on the plant tend tii assume an cieet positiv’n^- 

forming acute angles with the stalk. 
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Tlic bud loaves tend to retain their normal condition. Apparently their 
needs arc met bv a transfer of nitrocen from the older leaves. 

If the nitrogen shortage becomes acute at the llowering stage, flower- 
ini: and fruilinc arc accomplished b\ a similar transfer of nitrogen from 
the older tissues, but the quantity of seed is reduced. 

The effects of a deficiency of nitrogen are shown in plate 1. Here 
the light-green color of the plant is evident, as well 





Figure 1. A and C show the small, rather narrow leaves that result from phosphorus 

shortage. B is from a plant liberally supplied with phosphorus. 


of the lower leaves and the tendency of the unyellow'ed leaves to stand 
more upright than usual. The same symptoms have been reported in 
plants grown in solution cultures (9) w'hen the supply of nutritive ele- 
ments w^as accurately controlled. 

A nitrogen deficiency appears to reduce in some way the water con- 
tent of the plant. This probably accounts for the fact that a nitroeen 
shortage and a water shortage sometimes show much the same symptoms. 

A nitrogen shortage, however, may occur w'hen the plant is standins in 
water all the time, as in a solution culture. 

The effects of a nitrogen shortage can be seen in the cured leaf. Its 
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size is reduced, the amount of reduction depending on the stage at which 
the shortage occurred. The color is also i ill s. r. 1 1. r . rl ^ li rl ill ^ r 

ent types and methods of curing. The Hue-cured type of tobacco has the 
desired lemon-yellow color only when the nitrogen supply is reduced 
to the point of dehciency at the ripening stage. \N ith the cigar type, nitro- 
gen deficiency is decidedly injurious at any stage; it results in undesirable 



Figure 2. Leaf spot 
such as this some- 
times occurs as a 
result of phos- 
phorus deficiency. 


colors and other poor qualities not well understood. The nitrogen supply 
is also known to influence nicotine content to a great e.Ktent, low nitro- 
gen generally producing a leaf with a low' nicotine content. 


PHOSPHORUS (P) DEFICIENCY 

Practically all tobacco soils except those derived from phosphatic 
limestones are initially deficient in phosphorus. Phosphorus defic 
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however, cuuscs tobacco plants to exhibit growth efTects less character- 
istic (9, 13. 19) than those resulting from shortages of any of the other 
essential elements. 

The svmptoms that serve to identity phosphorus deficiencN aie a cer- 
tain type of slow growth and lack of maturity. 

With this stunted growth, the plant assumes a rosette condition. The 

color is verv dark iireen. as show n in plate 2. 

The si/.e and shape of the leaves are altered (figure 1 ). The leaves 
tend to be narrow in proportion to length. Usually, no abnormality of the 
leaf appears other than in size, shape, and color, but in a few instances 
spots have been evident on the lower leaves of the plant as shown in 
figure 2. These .spots do not occur consistently on phosphorus-deficient 
plants either in the field or in solution cultures. 

The leaves form acute angles w ith the stalk, as seen in plate 2. 

Under field conditions, firing of the low'er leaves does not appear to 
anv considerable extent. 

The bud leaves tend to retain their normal appearance, possibly be- 
cause phosphorus is transferred to them from the older parts of the 
plant. Similarly, flow'ering and fruiting are successfully accomplished 
w'hen the shortage becomes manifest at this stage of growth. 

If tobacco is to have the desired quality when cured, it is essential 
that the leaf reach a certain stage of maturity before harvest. Leaves 
from plants suffering from phosphorus deficiency are immature and 
therefore have an undesirable quality. The cured leaf tends to be dark 
brown, dark greenish, or black. Maturity of the crop is frequently de- 
layed until late in the season, when the w'eather is unfavorable for cur- 
ing. especially in the case of the air-cured types. 


POTASSIUM (K) DEFICIENCY 

Tobacco requires a great deal of potassium; in fact, what would be 
a luxury consumption from the standpoint of yield alone seems to be 
necessary to produce leaf of high quality. The plants show striking 
symptoms w'hen potassium is not present in adequate quantity (1,9. 13. 
19. 20) though under field conditions reduction in growth is not so 
marked as in the case of a shortage of nitrogen or phosphorus. Many 
tobacco soils do not supply sufficient amounts of potassium for normal 
growth, and probably the first deficiency effects reported for tobacco 

were those due to a deficiency of potassium. The deficiency symptoms 
tend to be aggravated by dry weather. 
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The lower leuves of the tobacco plant suffering from potassium hun- 
ger show a typical mottling, or a loss of green color (chlorosis) at their 

tips and margins, as shown in plate 3. 

This is rapidly followed by development of specks of dead tissue 

(necrosis), usually as small spots in the centers of mottled areas. 

Later the areas of dead tissue may enlarge and run together to such 

an extent that most of the leaf tissues between the veins are involved. 

As the dead areas enlarge and involve more and more tissue, they 

dry to a brown color, so that the whole plant comes to have a brownish 

or rusty appearance. The parts of the leaf that remain green are darker 

and more bluish than normal. 

The dead areas may fall out. producing a ragged appearance of the 


leaf, as shown in plate 4. 

Even before the appearance of mottling and dead spots, an affected 
leaf becomes cup-shaped from the underside probably because growth 
slows down at the edges but continues in the center. The margins seem 
to roll inward and downward. This crumpled effect becomes more 
marked as the living tissue continues to grow around the mottled and 


dead areas. 



l-ipiire .t. This plant, from a seeJbeU. shows that even s.-cUlinus mas 

poi ass ill 111 hunger 


be affected b\ 
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leavT^,tefid to retain their nonnai ap- 
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observed on young seedlings 


3 ) as on the^rge plants in the field 

reported that under field conditions a liberal 
|M^jg^lu(r^ibl^^rfdani<^K> withstand <ir ward off attacks 
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Itiining the gcncriil vigor of the plunt. There uppeiirs to be *1 relution- 
ship between potassium and nitrogen in this connection. With cigar 
tobaccos grown under high-nitrogen conditions, the protective action 
Qf potassium found with Maryland and flue-cured types where the nitro- 
gen supply is purposely limited, is difficult to obtain. 

In the cured leaf, potassium shortage is shown by reduced size and a 
ragged appearance, as illustrated in figure 4B. The cured leaves are off- 
type in color, though they do not show the distinctive color patterns 
described for the growing leaves. They also lack body, elasticity, aroma, 
and ability to condition when exposed to moist air, and they have poor 

fire-holding capacity. 


MAGNESIUM (Mg) DEFICIENCY 

Magnesium deficiency has been given the common name of "sand 
drown” (3, 5. 9, 13, 17, 19) since it is most prevalent in deep sandy soils 
during seasons of excessive rainfall. The deficiency symptoms rarely 



Figure 5. Flue- 
cured tobacco 
leaves. A is from a 
normal plant. B 
shows the dark, 
irregular patches 
and other signs of 
poor color due 
to magnesium defi- 
ciency. 
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appear in the held until the plants have attained cv*nsidorable si/o. more 
c(»iiitnonly after tuppine when the growth rate is rapid. Thus the leaves 
usualK attain 'almost normal si/e and shape. Other symptoms of mag- 
ncsiu!!i cJclicicncv, however, are very Ntriking. 

i0 * 

Since inagne^iuni is pari v)f the chlorophyll molecule, the green pig- 
ineru is atfecied when the magnesium suppU is short. The loss ot green 
Ci)lor comnionlv progresses in a detiniie manner. 

I irsi. the lowermost leaves of the plant K>se their normal color at the 
tips and margins < plate 6 ) and between the veins. The color may vary 
from a pale green to almost while, dep>ending on the acuteness of the 
shi>rtage. I he veins and the tissue ck>se to them tend to retain the normal 
color long after the rest of the leaf has lost practically all its green pig- 
ment. l.ven in extreme cases, when the lower leaves become almost 
white, lhe> rarely dry up 4>r devek)p dead spots. 

'I he loss ot color, characteristic of magnesium hunger, proceeds uni- 
formly as a rule, trv»m the base of the plant upward t plate 5). On the 
individual leal, it begins at the tip and margin and proceeds toward the 
base and center. I he >ellow as well as the green pigments appear to be 
atfected. The entire area of the leaf and all the leaves of the plant may be 
mvt>lved in extreme cases, though the bud tends to remain normal. 

I nder experimental conditions, in solution cultures, some of the old 
lower leaves mav not lose their green color when the plant is growing 
rapidiv and magnesium is suddenly withdrawn. Moreover, in solution 
cultures the appearance of dead spots even before loss of color has been 
reported. 1 his spotting alsi> has been observed in plants grown in soil 
cultures in the greenhouse when the soil was leached with an excessive 
amount of nutrient solutions lacking magnesium. It has not been ob- 
served to anv extent in field cultures, but it might possibly occur w’ith 
rapidly growing plants under excessive rainfall. 

1 he s'onlrast between the pale and the normal tissue is sharpest in 
plants with a dark-green color. It is not so striking when the plant is 
light green because of a low supply of nitrogen or sulfur. 

-\s has been p\>inted out, symptoms of magnesium deficiency usually 
appear when the plant has attained considerable size. Thev have been 

m 

i>bservcd. however, even in the seedling stage, as plate 7 shows. The 
extent of the dwarfing that result's from a magnesium shortaee seems to 
K' simply a question of when the shortage operates and how^^ acute it is. 
Tiic vicid is reduced to the extent that dwarfing occurs, but as already 

nt'ied this mav not be severe if the shortage becomes acute only at a 
late stage of growth. 
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The reJuclion in the quality nf the cured leal more ccr.ouc I. ,s 
indicated by dark and irregular colors, loss ,n sccight. dry leal tissue. 
L„d a lack ol body and elasticity. These signs of Jowered quality arc 
more evident in the Hue-cured i figure ,1 1 than in the uir-cured ypes „1 
leaf. Magnesium has been reported lo be an importanl constituent in 
cigar tobacco and that when the magnesium content is low. the ash tends 

to be dark. 


CALCIUM (Co) DEFICIENCY 

C alcium has long been recognized as an essential plant nutrient, but 
it has been erroneously assumed that all agricultural soils contain enough 
of U for strictly nutritive purposes. It is commonly used in the form o 
hydrated lime or calcium carbonate (ground limestone), not as a tod 
for plants but to bring about the best soil reaction for plant growth. The 
ions or small electrified particles of calcium, may be said to antagonize 
to ions' of objectionable substances, or to neutrahze or render them 
harmless. It is quite probable, however, that in some cases favorable re- 
suits are also due to the nutrient value of calcium. 



Ficure 


6. Terminal growth affected by mineral deficiences.^ 


A, the first stage of calcium 

, Stage of boron 


shortage; note the hooking of ^tis'sue 'aV'the base^"of the leaf 

deficiency showing breakdown of tissue 


NUTRIENT DEFICIENCIES IN TOBACCO 


111 



Figure 7. A. B. and C are young leaves from a tobacco plant showing the scalloped, 

irregular edges due to calcium deficiency. O is from a normal plant. 

When the calcium supply is deficient (4, 9, 13, 19) the tobacco plant 
shows distinctive abnormalities in growth. Just what form these abnor- 
malities take seems to depend to some extent on what other substances 
are present under a given set of conditions. This is in keeping with func- 
tion of the calcium ion as an antagonizer of other ions. Magnesium gives 
the most striking illustration of this relationship. Quantities of magne- 
sium that produce normal growth in the presence of calcium seem to 
become poisonous in its absence. What happens in this case is typical, 
for all practical purposes, of calcium deficiency in general. 

The first symptom of calcium deficiency is the development of a light- 
green color, followed by a peculiar hooking downward at the tips of the 
young leaves making up the terminal bud (figure 6A). 

This is followed typically by the death of the young leaves, which 
break down first at the tips and margins. If complete breakdown does 
not occur and growth takes place later, portions of the tips and margins 
of the affected leaves are missing, and this gives them a scalloped ap- 
pearance (figure 7). As the illustration shows, they are also distorted. 
The older leaves, however, may be normal in shape (plate 9). 

The calcium deficient tobacco plant as a whole is abnormally dark 
green. In the later stages of extreme calcium shortage, the terminal bud 
dies. This is equivalent to topping, and it results in a thickening of the 
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older leaves. In some cases of acute sh«,rlage. dead spots may develop 
and loss of color may occur on the older leaves, though these elleets 

have rarely been observed. r 

When lateral shoots or suckers begin to develop in the leal axils jfier 

the death of the terminal bud, their terminal growth in turn goes thiough 
the same stages, and the buds die. 








I itMiic K. I oH.icn) 
plant after recov- 
ery from a calcium 
shortage in dry 
weather. Note that 
the voune leaves at 
the lop have grown 
normally. 


These effects were first reported on plants grown in solution cultures. 

and later they were found to be typical in the field. 

The topmost leaves sometimes show no abnormality gure • ^ 

deficiency symptoms are evident on the middle leaves. This 
occur in dry periods, when the roots may have penetrate ° 
depths than usual, enabling the plant to draw on subsoil resvr 

A symptom that has been experimentally reproduced by ^ 

mansanese in the presence of calcium has sometimes been o 
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the held. 1 he young leaves U>se 
experimental \\i>rk. the condition has 


and then develop dead spots. In 
been corrected bv the application 


of limestone. 

In the case of plants grown in the greenhouse, the lli>ral parts slunv 
striking elTecls it the calcium shi^rtage does ni^l become i.ieute until the 


tle^vverine siaee. Fieure sluwvs ilie (1i>ral p^irts tri'in a ni^initil pKini 

w ^ ^ 

and B those from a plant grown under conditions of calcium shortage. 
Plant has suflered from a tendenev to shed blossoms and buds, and 



t icHire M. ! ffeetN oi vjlciiiri'i iharUiic i»n the Hcmcring p-«cts i*! i<.Hiicco \ in tfi»m 4 
noKiwI pLint Ipf H nt^ic ihc dr>in.c iip uJ the ei^roiU ,in%l the tlivioriK»ns i»f the 


the fli)\vcrs that remain nIiow a dieback v\ their corollas with theii pisuN 
pri'truding. In nH>si cases there are spots of dead tissue' the* cmIvx lobes 
This conditi(Mi has been i»bser\cd commonlv m the field 

It is evident from these various s\mpt*>rns that little vv no calcium is 
transferred from the older trssues to the guiwing p<>ints. as in the case of 
the elements ['ireviouslv described I his means ih.ii if normal etinvifi is to 

V 

occur there muvl be a e'ontinuous sup[dy o\ calcium aVviilable li> the plant 
1 he cfTecis of calcium delicicne> on grcnvih are disasin>us to the ciiieJ 


leaf. 'The malfi)rmation and thickening cT the leaf, the death of 
terminal bud. and the other phvsiiilogie'al disturbances combine to 
duce a tobacco of exlrcmelv pour quality. 
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BORON (B) DEFICIENCY 

The cITccts of boron starvation on plant jtrowth had been reported in 
experiments with solution cultures (K, 9) some time belore they were 
recognized under field conditions (7. 10, 19). 

An acute boron shortage first produces marked changes in the tip or 

growing point of the plant. 

The young leaves of the terminal bud become light green in color — 
paler at the base than at the tip. They also show a somewhat drawn ap- 
pearance. When these symptoms appear, the leaves have already ceased 

to grow’. 

Next, the tissues at the base of the young leaves show signs of break- 
down (figure 6B). If growth should take place later, before all the tis- 
sues are broken down, these leaves would be distorted by the growth 
around the injured tissue. Usually they have a one-sided or twisted 
appearance. The stalk toward the top of the plant may also show a dis- 
torted or twi.sted type of growth. 

Death of the terminal bud (plate 10) follows these stages. This 
automatically tops the plant, causing the leaves to thicken and increase 
in area. The upper leaves tend to roll in half-circles downward from their 
tips toward their bases. They are abnormally light in color and become 
smooth, stiff, and brittle. When the midrib or secondary veins are broken, 
the vascular tissues show a dark discoloration. 

Lateral buds (suckers) may develop in the axils of leaves or at the 
bases of the stalks, but they typically break down like the terminal bud. 

When boron shortage does not become acute until the flowering stage, 
the flower buds are shed and no seed pods are set. 

These symptoms indicate that little or no transfer occurs of boron 
from the older plant parts to the younger growing points. Therefore, a 
continuous supply must be available for normal growth. Only a very 
minute amount or trace of boron, however, is needed or even tolerated 
by the plant. Any considerable amount acts as a poison. 

It has not been possible to make extensive observations of the effects 
of boron deficiency on the cured leaf. From the observations available, 
it is evident that marked effects are to be expected in view of the striking 
modifications in growth produced by boron shortage. 

MANGANESE (Mn) DEFICIENCY 

When tobacco plants apparently manifesting a new disease were sub- 
mitted to the Department of Agriculture by a grower, identification of 
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the symptoms as those of manganese hunger was possible because the 
same symptoms had been produced experimentally in sand and solution 
cultures. Later the identification was substantiated by field trial on the 

area from which the plants were taken. 

Distinctive symptoms of manganese shortage, however, have been 
reported in only a few cases in the field. Perhaps they are rare because 
this deficiency is usually associated with a neutral or alkaline soil reac- 
tion. Such a soil reaction favors the black root-rot disease (Thielaviop- 
sis basicola (Berk, and Br.) Ferraris), which limits growth and tends 
to hide the effects of a shortage of manganese. 

The first visible symptom of manganese hunger (9, 13, 16, 19) is a loss 
of color in the young leaves. This loss of color follows out the minutest 
branches of the veins, or vascular system. Between the veins the tissue 
is light green to almost white (plate 8-3), while the veins themselves 
remain darker. The leaf has a checkered appearance because of the con- 
trast between the green veins and the tissues that have lost their color. 

Loss of color is followed by development of spots of dead tissue, which 
may drop out, giving the leaf a ragged appearance. Usually this spotting 
is not confined to tips and margins, as in the case of potassium deficiency, 
but involves parts scattered over the entire leaf. 

The plant as a whole may be considerably dwarfed (plate 11-2), and 
in general appearance it is light green. 

The cured leaves from plants affected by manganese shortage are of 

decidedly poor quality. The most apparent effects are the dead spots and 

the lack of desirable color (plate 12). The leaf also lacks body, elasticity, 
and aroma. 

SULFUR (S) DEFICIENCY 

Tobacco plants suffering from sulfur deficiency have not often been 
found under field conditions (13) chiefly, perhaps, because most com- 
mercial fertilizers contain ample amounts of sulfur, many of their com- 
mon ingredients being high in this element. In addition, rainfall in the 
tobacco-growing regions usually brings down considerable quantities of 
sulfur from the air. In fact, sulfur deficiency becomes evident in dry 
periods, when the shortage is produced intentionally. 

The first evident symptom is the light-green color of the plant as a 

whole, though there ts a tendency for the young leaves to be lighter than 

the older ones. In solution cultures ( 9 ) the light-green color is largely 
confined to the younger leaves. 
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The plants do not lose their lower leaves by firing, as they do in the 
case of nitrogen shortage. This fact serves to distinguish the two defi- 
ciencies. 

In Georgia and South Carolina, some blistering of the flue-cured 

tobacco has been associated with sulfur deficiency. 

There may be some reduction in growth and frequently there is a 
characteristic crimping downward of the leaves at the tips (plate I3B). 

As a rule, the effects of sulfur deficiency have been apparent under 
field conditions only in the early stages of growth. They are evident only 
during dry periods, and recovery has been observed to take place rapidly 
and completely when rain occurred. Apparently the rain supplies the 

needed sulfur. 

The cured leaf of plants suffering from sulfur shortage shows color 
effects that are sometimes desirable and .sometimes undesirable. In the 
case of flue-cured leaf, a sulfur deficiency may be advantageous, pro- 
vided yields are not seriously reduced; it produces more desirable colors 
than an overabundance of sulfur. In Maryland leaf, on the other hand, 
an abundant sulfur supply produces the more desirable colors. 


IRON (Fe) DEFICIENCY 

As yet, iron deficiency has not been observed in tobacco under field 
conditions. It has been reported as occurring in plants (6) other than 
tobacco (9, 13, 16) grown in sand or solution cultures. In the case of 
plants other than tobacco, iron deficiency is associated with neutral or 
alkaline soils. This might account for the failure to find it in field-grown 
tobacco, since the situation would be complicated by the root-rot or- 
ganism mentioned in the case of manganese deficiency. 

A leaf of a tobacco plant grown experimentally under conditions of 
iron shortage is shown in plate 8-1. The leaf is suffering from chlorosis 
or loss of green color typical of other plants affected by iron deficiency; 
in fact, for a long time this was the only recognized type of chlorosis 

occurring in plants. 

As shown in plate 14, the loss of color first becomes evident in the 
young or upper leaves (9, 13, 16) of the tobacco plant. The leaves mak- 
ing up the terminal bud lose color between their veins and become light 
green or white. In extreme cases the veins also lose their color and the 
whole terminal bud may turn almost white. Usually, however, the prin- 
cipal veins tend to retain their color, as do the lower leaves. 

The affected leaves characteristically show no breaks or areas of 
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dead tissue, though sometimes they dry up. Apparently this occurs under 

conditions of bright sunlight and dry air. 

The fact that the grow ing point is immediately affected indicates that 

iron is not transferred from the older parts of the plant and that a con- 
tinuous supply must be available if growth is to be normal. 


COPPER (Cu) DEFICIENCY 

As in the case of iron, symptoms of copper shortage have not yet 
been observed in tobacco under field conditions, though they have been 
observed in other plants. Since they have been associated with soils high 
in organic matter, like those on which tobacco is sometimes grown, it 


Figure 10. Effect 
of copper defi- 
ciency on growth 
of tobacco. A, nor- 
mal plant grown in 
nutrient solution 
with copper added; 
B, plant grown 
without copper; 
note the extreme 
and permanent 
wilting of the up- 
per leaves. 
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seems worth while to describe the effects ot copper hunger on tobacco 
plants ( 16 ) grown experimentally in the 

As shown in figure lOB. the upper leaves are unable to retain their 
turgor or rigidity, so that they wilt badly. Such plants are permanently 
wilted: thev do not recover at night or during cloudy periods like plants 
that have wilted on a hot day. 


There is a reduction in growth in proportion to the extent of the 
(^Qnpcr shortage and the stage ot gio\s'th at \Khich it operates. 

When a copper deficiency becomes evident during the flowering stage. 




Figure 11. Effects 
of copper deficien- 
cy on growth of 
tobacco plants in 
solution cultures. 
Note bending of 
stalk immediately 
below seed head 
and leaf spots on 
knver leaves. A, 
copper applied; B, 
copper withheld. 
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the seed stalk does not stand erect (figure 1 1 and plate 16), and the 
amount of seed is reduced* 

Copper is one of the elements needed by plants only in very small 
amounts. In nutrient solutions, the amount needed to correct a deficiency 
was found to be from one-sixteenth to one-eighth part per million equiv- 
alent to half an ounce of copper in some 30 to 60 thousand gallons of 
water. Amounts in excess of these small quantities produced a decided 

stunting of the plants. 

Under field conditions, the amount to be applied would depend on 
the fixing power of the soil for this element. The chemical situation 
would seem to make it inadvisable to include copper compounds in 
standard fertilizer mixtures at least until there is evidence that copper 
is deficient in a wide variety of soils, since the phosphates would 
combine with copper to form cupric phosphate, which is relatively 
unavailable for use by plants because it does not easily dissolve. In 
case of deficiency, it may prove best to apply the copper as a spray di- 
rectly on the plants. 

ZINC (Zn) DEFICIENCY 

Zinc is another element not known to cause deficiency symptoms in 
field-grown tobacco. However, there is a disease of tobacco, occurring 
in wet periods, characterized by a leaf spot commonly attributed to bac- 
teria. It causes a breakdown of the leaf (15, 17 ), and frequently a large 
part of the crop is severely damaged. The symptoms correspond in 
many respects to those produced experimentally by a shortage of zinc. 
It is not possible to say with certainty as yet whether zinc deficiency is 
a factor in this disease. 

Striking effects are produced in the plant ( 16), as shown in plate 15B, 
w^hen zinc is withheld in sand or solution cultures. 

Typically, the lower leaves first show a slight loss of color at their tips 
and margins. This is follow'ed by development of areas of dead and 
broken-down tissue. Usually a small area is involved at first, and in some 
cases this area is surrounded by a halo such as has been reported for 
leaf spots produced by bacterial inoculation. 

In most cases the dead areas, which at first have a water-soaked ap- 
pearance, spread rapidly. Frequently an almost total collapse or death 
of the leaf tissue follow's in a very short time. The breakdown may come 
so quickly that the early stage, characterized by loss of color, may not be 

evident. Sometimes, too, the lowermost leaves of the plant are not the 
only ones involved. 
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The small veins are not involved at first, but frequently they also soon 
break down. 

As a rule, the dead leaf tissue finally dries to a brown color. 

There is some shortening of the internodes — the spaces between the 
leaves on the stem — and the green leaves appear to be thickened and 

greener. 

In some ways these symptoms resemble those described for potassium 
hunger. There are distinct differences, however. In the case of potassium 
shortage, the first breaks or lesions in the tissue are more sharply con- 
fined to the leaf tips and margins; the small veins do not ordinarily break 
(jQwn at all; and the breakdown proceeds much more slowly. 

As in the case of copper, it does not appear advisable at present to 
include zinc in fertilizer mixtures. Zinc would combine with soluble 
phosphates to form zinc phosphate, which cannot readily be dissolved, 
pjjj*^jQylurly in alkaline soils. The use of small amounts of zinc is some- 
times desirable, but spraying seems to be the most practical method of 

In any considerable amount, zinc is poisonous to most 

plants. 

MOLYBDENUM (Mo) DEFICIENCY 

The importance of traces of molybdenum for the growth of tobacco 
has been pointed out ( 14). This was described in more detail by Stein- 
berg (18) in 1953. Molybdenum deficiency causes more or less charac- 
teristic chlorosis of the lower leaves followed by crinkling, bending, and 
twisting (figure 12) of the leaves with a later development of necrotic 
areas, as shown in plate 17, which may eventually enlarge. Production 

of seed is reduced due to shedding of the flowers. 

The amount of molybdenum required to prevent deficiency so ex- 
treme as to prevent flowering in tobacco has been estimated by Steinberg 
(18) as a decrease of 0.02 to .2 parts per billion or .2 to 2.0 micrograms 
per plant. The occurrence of molybdenum deficiency has been found to 
be more common on unlimed soils. It also appears to be more prevalent 

with high nitrate content of the leaves. 

The addition of molybdenum to tobacco fertilizers has not been shown 

to be necessary since no case of a known deficiency of this element has 

been reported as occurring in tobacco under field conditions. 

RECOGNIZING COMPOUND DEFICIENCIES 

In practical plant culture, where the causes of an abnormal condihon 
cannot be determined from the nature of the treatment given the soil 
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Figure 12, Effects 
of molybdenum 
deficiency on 
growth of tobacco 
plants in solution 
cultures. A, mo- 
lybdenum added; 
B, molybdenum 
withheld. 



as they can be in experimental work, it is necessary to make an accurate 
diagnosis from the symptoms alone. For this reason, various combina- 
tions of mineral deficiencies were tried out under field conditions to see 
what the symptoms would be under these circumstances. Not all of the 
possible combinations have been tested, but so far, with a single excep- 
tion, there has been little or no blending of symptoms; the visible effects 

have always been those of one deficiency which appeared to dominate 
the rest. 

This should simplify the problem of diagnosis and treatment. If there 
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should be more than one deficiency, the dominant one can be recogni/ed 

and corrected, then the next that appears, and so on. 

When potassium, calcium, and magnesium were vsithlield. the symp- 
toms were essentially those of potassium deficiency, though the reduc 
tion in growth was more extreme. When the potassium shortage vs as 
corrected the plants still showed a marked reduction in growth, but the 
other symptoms were those of magnesium shortage alone, without an> 

signs of culciurn deficiency. 

On untreated plots without any added fertilizer, the plants usually 
show the symptoms of nitrogen deliciency. In some cases, however, the 
dominant symptoms have been those of potassium deficiency alone, or 
phosphorus deficiency alone, or even sulfur deficiency alone. 

The one case of blended symptoms so far observed occurred with a 
combined shortage of magnesium and sulfur, experimentally produced 
Here the sulfur shortage gave the plants a light-green color and. as 
already pointed out, this tended to mask the striking color pattern ordi- 
narily produced by magnesium hunger. 


COMPARISON OF SYMPTOMS 

So far, the symptoms produced by these mineral deficiencies have been 
described one by one. As already said, the symptom common to all of 
them, though it may be more marked in some cases than in others, is 
reduced growth. This is clearly shown in figure 13, in which a normal 
tobacco plant is placed beside six abnormal plants, each affected by a 

different deficiency. 

The symptoms other than reduced growth will now be compared U' 

bring out the differences between them. 

The first thing that strikes the observer making such a comparison o 

that the symptoms of mineral shortage can be classified into two broad 


groups. _ , _ . 

In one broad group, primarily the older leaves are affected. is 

occurs with deficiencies of nitrogen, phosphorus, potassium, zmc. am! 
magnesium. Apparently, when there is a deficiency of one of these ele- 
ments in the soil, the element can be readily transferred from the older 
parts of the plant to the young growing parts, so that the new grow 

does not show deficiency signs. 

In another group, primarily the new- growth and young 
affected. This occurs with deficiencies of calcium, boron, suffur. i ■ 
copper, and manganese. The elements apparently cannot 
readily from one part of the plant to another. The needs of the gr 
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Figure 13. A healthy tobacco plant in comparison with others suffering from various 
mineral deficiencies: B. nitrogen; C, phosphorus; D, potassium; E, boron; F, calcium; 

G, magnesium. Reduction of growth has occurred in all except A. 


parts are, therefore, not supplied when there is a deficiency in the soil, 
and these parts sicken and die. 

The first thing to look for in diagnosing a deficiency, then, is the part 
of the plant that is affected. This will tell in which major group the de- 
ficiency belongs. 

In the first broad group, those having symptoms primarily in the older 
parts of the plant, the effects can be subdivided into 1) those that are 
more or less general, and 2) those that are local. 

General effects on the plant as a whole or on the older leaves are pro- 
duced by nitrogen and phosphorus deficiencies. These two, then, make 
up subdivision 1. In both cases there is considerable dwarfing, and the 
leaves tend to assume an erect position, forming rather acute angles with 
the stalk. In the case of nitrogen deficiency, the plant is abnormally light 
green, and more or less firing is evident on the lower leaves. In the case 
of phosphorus deficiency, the plant is abnormally dark green, little or no 

firing is evident, and the leaves are unusually narrow in proportion to 
their length. 

Local effects on the older leaves are produced by magnesium, zinc, 
molybdenum, and potassium deficiencies. These four make up subdivi- 
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sion 2. The local effects are loss of green color (chlorosis) and some- 
times the development of areas of dead tissue (necrosis). 

In the case of potassium deficiency, the chlorotic areas are yellowish 
and produce a mottled effect. They surround small dead spots or specks 
at the tips and margins of the leaves and between the veins. As the dead 
areas develop and dry up, they give the leaves a rusty appearance. Other 
parts of the plant are bluish green. An early symptom of potassium defi- 
ciency is a crimping under or cupping downward of the low'er leaves at 
the tips and margins, and this becomes more pronounced as the defi- 
ciency becomes more acute. 

In the case of magnesium deficiency, the pale areas are light green to 
almost white and occur between the principal veins, not primarily at the 
tips and margins. There is little or no spotting with dead tissue or cupping 

under of the tips and margins of leaves. 

In the case of zinc deficiency, dead spots develop all over the leaf, 
not specifically at the tips and margins. Frequently they involve second- 
ary and sometimes primary veins. The dead areas break down much 

more rapidly than in potassium deficiency. 

While with molybdenum deficiency the leaves are light green due to 

small chlorotic areas over the entire leaf area, this chlorosis is followed 
by development of leaf breakdown producing spots of dead leaf tissue. 

In the second broad group those deficiencies characterized by effects 
on the young leaves or terminal growth can be classified into two sub- 
divisions; 1 ) chlorosis, or loss of color in the young leaves without 
death of the terminal bud, which indicates a deficiency of copper, iron, 
sulfur or manganese; and 2) death of the terminal bud preceded by 
loss of green color in the bud leaves, which indicates a deficiency of 

calcium or boron. 

In subdivision 1 , identified by chlorosis of the young leaves without 
dieback of the terminal bud, the veins tend to retain their green color if 
iron is the deficient element. This loss of color usually takes place only 
between the principal veins, although they too may be affected in ex 
treme cases, when the entire leaf becomes white or yellow. Usually. 

there are no dead spots. 

If copper is the lacking nutrient, the dominant symptom is perma- 
nent wilting of the upper leaves. Lower leaves may show spots due to 
breakdown of leaf tissue. Stalks bend immediately below the seed head 
and are unable to stand erect when shortage is acute at the flowering 

stage. . 

If sulfur is the deficient element, the veins as well as the rest of tne 
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leaf tend to be light green; in fact, they may be even lighter than the rest 
of the leaf. Not as great a loss of color occurs as in the case of iron or 
manganese deficiencies, so that the leaves do not become white or 

yellow. There are no dead spots. 

If manganese is the deficient element, the entire vein system of the 
leaf even to the minutest branches retains its green color in sharp con- 
trast to the pale tissue between the veins. This gives the leaf a checkered 
appearance. Later, these leaves develop small dead spots scattered over 

the surface. 

In subdivision 2. identified by death of the terminal bud. if calcium 
is the deficient element the young bud leaves first lose their green color 
and hook downward for about one-third of their length. Then the tips 
and margins of these leaves die, so that if growth occurs later they look 
scalloped and distorted. The plant is dark green. 

If boron is the deficient element, the young bud leaves first lose color 
at their bases and develop a drawn appearance. Their tips may remain 
sreen for some time. Usually the affeeted tissue breaks down rapidly, 
and if growth occurs later, the leaves have a distorted or twisted appear- 
ance. The color of the upper leaves of the plant is an unhealthy light 
green, and they roll downward in semicircles from their tips toward their 
bases. The principal veins and the midribs of affected leaves are ex- 
tremely brittle, breaking readily when folded, and the tissue of the veins 
is discolored brown or black. 

The key that follows has been worked out for quick identification 
of unknown plant-food deficiencies in tobacco. 
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KEY TO PLANT-NUTRIENT DEFICIENCY SYMPTOMS OF TOBACCO 

A. Causal parasites or viruses present (not included in present discussions). 

Parasitic and virus diseases. 

A. Causal parasites or viruses absent. More or less localized elTects and 
decreased growth. Commonly classed with nonparasitic diseases. 

Element 

Deficient 

B. Effects localized on older or lower leaves or more or less general 
on whole plant. 

C. Local, occurring as mottling or chlorosis with or without spots of 
dead tissue on lower leaves; little or no drying up of lower 
leaves. 

D. Lower leaves chlorotic and typically show no dead spots. 

Tips and margins turned or cupped upward. Stalks 

slender. . Magnesium 

D, Lower leaves mottled or chlorotic with small or large spots of 
dead tissue. 

E. Small spots of dead tissue between the veins at leaf tips 
and margins which are tucked or cupped under. Stalks 

slender Potassium 

E. Spots rapidly enlarge involving the tips and margins of 
leaf or distributed over leaf. Leaves dark or light 
green. 

F. Leaves dark green. Spots rapidly enlarge at tips and 
margin involving the primary and secondary veins. 

Leaves thick. Stalks with short internodes Zinc 

F. Leaves light green due to chlorosis over entire leaf 


followed by spotting Molybdenum 

C. Effects general on whole plant; also yellowing and drying up or 
“firing” of lower leaves. Plant light or dark green. 

D. Plant light green. Lower leaves yellow, drying to a light- 
brown color. Stalk short and slender if element is limiting 
in later growth stages Nitrogen 

D. Plant dark green. Lower leaves may yellow and dry to a 
greenish-brown to black color; stalk short and slender if 
element is limiting in later growth stages. .Phosphorus 


B. Effects localized on newer or bud leaves of plant. 

C. Terminal bud dies. Death is preceded by peculiar distortions at 
the lips or bases of young leaves making up the bud. 

D, Young leaves making up terminal bud first typically hooked, 
then die back at tips and margins so that later growth of 
such leaves produces a cut-out appearance at tips and 
margins. Stalk finally dies back at terminal bud Calcium 

D. Young leaves making up terminal bud first light green at 
base; then breakdown may take place at base of young 
leaf; if later growth follows, leaf shows twisted growth. 

Stalk finally dies back at terminal bud Boron 

C. Terminal bud remains alive; wilting or chlorosis of newer or bud 
leaves, with or without spots of dead tissue; veins light or dark 
green. 

D. Young leaves permanently wilted, no marked chlorosis, 
spotting may occur on older leaves. Stalks immediately 
below seed head unable to stand erect when shortage is 
acute at flowering stage Copper 
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Element 

Deficient 

D Young ka .trs not v^ilicvi, chlorotic vvith or without spots of 
dcuJ tissue scattered over leaf. 

F Young leaves chlorotic with spots of dead tissue scattered 
over kaf. Smallest veins tend to remain green, pro- 
ducing a checkered effect on leaf Manganese 

F Young leaves chlorotic without dead spots. Chlorosis 
does or does not involve veins so as to make them dark 
or light green in color. 

F. Y'oung leaves with veins of a light-green color or of 

Same shade as ti.ssuc between veins Sulfur 

F. Y'oung leaves chlorotic, principal veins typically green. 

Stalk short and slender Iron 
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Plate 2. Symptoms of phosphorus deficiency in ip.,ves 

^ ' and erect position of the leaves 


tobacco. Note the abnormally dark-green 


color 
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Plate 3, A tobacco plant suffering from potassium hunger. Note the loss of color at tips and 
margins of leaves and the spots of dead tissue associated with cupping under of leaves. 
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Plate 4 Potassium huncer in tobacco, l.eft, leaf from base of plant already has a ragged 
appearance. Center, leaf from higher up is less affected. Right, leaf from still nearer the top 

has just begun to be affected. 



Plate 5 , Magnesium deficiency in tobacco. Four leaves, from the base of the plant , 

to right), showing stages in loss of color. The lower leaves are the first to be attecte . 
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Plate 6. 


Magnesium deficiency (sand drown) in tobacco. 

leaves, especially at tips and 


Note the loss of color in the lower 
margins. 
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Plate 7. Tobacco seedlings from plant bed. Left, normal. 2 weeks after the soil was treated 
with 4 pounds of Epsom salts per 100 square yards. Right, from untreated portion of seedbed, 
shows magnesium deficiency symptoms. Compare color and root development of the plants. 



h loss of 

Plate 8. Tobacco leaves sulTering from two mineral Ld asso- 

color except along the principal veins: .T manganese-note 'h;-' appearance 

ciated dead spots. 2 is a leaf from a normal plant. 
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Plate 9. Tobacco plant suffering from calcium shortage. The young leaves are distorted, while 

the older, lower leaves look normal. 
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Plate 10. Boron shortage in tobacco. Note distorted upper leaves and dead terminal bud 
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Plate 11. 1, is a normal tobacco plant. 2 shows dwarfing, light-green color, and dead tissues 

due to manganese deficiency. 



Plate 12. Hands of cured tobacco, Maryland type. 1, from normal plants^ 2, from plants suf- 
fering from manganese shortage — note the lack of desirable color and the spots. 
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normal tobacco plant. B shows the reduced growth and crimping downward of leaves at tips characteristic of sulfur shortage 






no iron was added; note loss of color in the upper leaves 
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Plate 15. Tobacco plants grown in sand culture, with zinc A, ajid without zinc B Note the 

loss of color and the spotting of leaf tissues in B. 
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Plate 16. Tobacco plant 
grown in solution culture 
to which no copper was 
added. Note bending of 
stalk immediately below' 
seed head and shedding 
of flowers. 



Plate 17. Tobacco plant 
grown in solution culture 
to which no molybdenum 
was added. Note chlorosis 
and spotting of lower 

leaves. 
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Chapter V 


Nutrient Deficiencies in Legumes for 
Grain and Forage 

By Werner L, Nelson and S. A. Barber* 


D eficiency of an element does not directly produce a given symptom 
in a given crop or type of plant. Rather it throws normal growth 
processes out of balance, with the result that certain unused interme- 
diate organic compounds accumulate, and others become in short sup- 
ply. This leads ultimately to the abnormal conditions recognized as 
symptoms having definite relationships to the nutritional environment 
of growing plants. For example, the compound diamine putrescine forms 
in the presence of potassium deficiency in some plants and causes char- 
acteristic symptoms. 

Hidden hunger refers to the situation where a crop needs more of a 
given nutrient or nutrients, yet does not show marked symptoms of short- 
age as we usually think of them ( figure 1 ) . Historically, agriculture in 
United States was developed on a basis of mining the soil (figure 2). 
However, as agriculture changes from an art to a business, fewer crops 
are being grown at a deficiency level. Hence, it would be a mistake to 
emphasize obvious deficiencies without pointing out hidden hunger. By 
the time noticeable symptoms appear in a crop, the grower has lost 
greatly in profits. With most crops, significant responses to nutrient ap- 
plications can be obtained without the appearance of marked visible 
symptoms of need. 

"SURE" LEVEL OF NUTRITION 

A progressive concept of plant nutrition is one of insurance against 
seasonal variations in need (figure 1). We buy fire insurance on our 
homes hoping never to collect. Similarly, consideration of the insurance 
features in plant nutrient applications is worthwhile. Fertilizing to the 


•Midwest Director, American Potash Institute, and Professor of Agronomy, Purdue University, 
respectively. This chapter in the first edition was written by E. E. DeTurk, University of Illinois, and 
in the second edition by Werner L. Nelson and F. E. Bear, Editor of “Soil Science.” 
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“sure" level results in some nutrients remaining in the soil for a succeed- 
ing crop. Hence, the practice becomes attractive economically. 

Production of forage legumes in conjunction with grasses is of inter- 
est. Often the legume simply disappears without notice of obvious symp- 
toms by the grower. The important point is to prevent hidden hunger 
(and deficiency symptoms) rather than to correct it. Soil testing is an 
important tool ( figure 3 ) . Quick plant tissue tests help us plan better 
fertilizer programs for next year ( ligure 4). Review Chapter 11 for fur- 
ther explanation of tissue testing. Chemical analyses of plant parts also 
provide clues to hunger signs. 

Plant families have certain distinguishing characteristics in make-up 
and in physiology. Legumes have pods in which the .seeds are borne. A 
more important distinguishing characteristic is the presence of nodules 
on the roots. S>mbiotic bacteria in these nodules "fix ' gaseous nitrogen 
into organic comfKiunds which then are incorporated into sarious sub- 
stances in the plants. 

Many of the legumes indicate certain nutrient unbalances with char- 
acteristic delicienc> symptoms. Much work has been done to identify 

INSURE AGAINST HIDDEN HUNGER 
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Figure 2. Crop production based on use of plant nutrients already in the soil is histone 
practice. Obviously soils will vary greatly in how long they can be cropped without yield 
reduction before a particular nutrient must be added. Diagnostic techniques including 
soil and plant tests and deficiency symptoms are helpful in determining when additions 

are needed. The soil on the left has been mined for many years. 

the causes of chlorotic conditions and plant malformations that appear. 
Crop variety, balance of nutrients, soil structure, rainfall, light, and 
temperature all affect the appearance of symptoms. Readers desiring 
deeper technical understanding of factors affecting hunger signs in leg- 
umes are referred to the list of “Selected References” that appears at the 
close of this chapter. 

DEGREES OF NUTRIENT HUNGER 

The degrees of nutrient hunger in legumes as well as many other plants 
might be classified as follows: 

1. Complete crop failure at seedling stage. 

2. Severe stunting of plants. 

3. Specific leaf symptoms appearing at varying times during the grow- 
ing season. 

4. Internal abnormalities, such as clogged conductive tissues. 

5. Delayed or abnormal maturity. 
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6. Obvious yield differences, with or without leaf symptoms. 

7. Poor quality of crops, including unseen chemical composition dif- 
ferences as in protein, oil, or starch content; and in keeping or 

storage quality. 

8. Yield differences detected only by careful experimental work. 

The underground portions of plants have received little attention 
mainly because of the difficulty in making observations. Development 
of roots is greatly affected by plant nutrient applications (figures 5 and 6). 

SOIL ACIDITY 

One of the earliest soil treatments that produced observable effects 
on legumes was application of liming materials to acid soils. This re- 
sulted in larger plants having leaves that were darker green (figure 7). 

Providing a proper lime level is the first step in any superior soil 
management program, particularly for legumes. Lime often is called 
the workhorse in the soil because it has so many functions. Lime adds 
calcium and magnesium as nutrients. It decreases acidity which has a 
marked effect on availability of phosphorus and micro nutrients. In 
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Figure 3. The basic principle of soil testing is to determine the proportion of the nutrient 

needed that the soil can furnish. 
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Courtesy of American Potash Institute 

re 4. Tissue testing and soil pH tests in the field are helpful in diagnosing problem 

areas or in determining fertility status on the spot. 


some acid soils a principal benefit of lime is due to the reduction of 
exchangeable aluminum and/or manganese. Root development is re- 
stricted in acid soil horizons and this has been attributed in part to 
high quantities of aluminum. 

Biological effects: Acidity markedly affects the activity of symbiotic 
nitrogen-fixing organisms (nodule bacteria). Under acid conditions the 
bacteria cannot function effectively and legumes will be deficient in ni- 
trogen. This is shown by small light green plants with few, if any, nodules 
on their roots. 

Acid soils make for slower decomposition of plant residues and soil 
organic matter and hence slower release of nutrients. Bacterial counts 
and activity increase greatly with liming and a more rapid turnover of 
nutrients contained in residues occurs. 

Optimum pH: Needed soil reaction varies considerably with legumes. 
For alfalfa the soil should generally be in the vicinity of pH 7.0. For 
soybeans pH 6.2 to 6.5 is generally satisfactory. 

Diagnosis: The soil test for pH is reliable. Amounts of lime needed 
are best determined by a lime-requirement test. 
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NITROGEN (N) DEFICIENCY 

Cienerally if legumes are to have adequate quantities of nitrogen the 
pj*Qp 0 f nodule bacteria niust be present on the roots to carry on nitrogen 
fixation. Several different groups of nodule bacteria are well known, 
and each group inoculates a given legume or group of legumes. For 
e.xample, the bacteria that inoculate alfalfa will not function on soybeans. 

When a new' legunie is introduced into an area, artificial inoculation 
is absolutely necessary the first few years it is planted. While buildup of 
the bacteria takes place in the soil, continued inoculation of legume seed 

usually is advisable. 

Strains of bacteria vary in efficiency. As shown in plate 1, white 
clover had poor growth with a poor strain of bacteria but good growth 
with an efficient strain. Inoculation each time a legume is grown helps 

to provide the most efficient strains available. 

Nodule bacteria must have proper conditions in which to work, once 
they are in the soil. They thrive only within certain ranges of soil re- 
action and their vigor and effectiveness are lowered with increasing soil 
acidity. Nodule bacteria differ greatly in reaction requirements, how- 
ever. For example, alfalfa and sweet clover nodule bacteria function 



Figure 5. Band placement of a P-K fertilizer directly under the alfalfa seed (left) caused 
expansion of roots in the fertilizer hand. Note unfertilized plants (rig 
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Figure 6. Omission of P or K (left and right) reduced the growth of alfalfa roots and 
tops the spring after seeding on this soil low in fertility. See heaving of plants. Note the 


stronger growth of LPK. fertilized plants (center) 


best around pH 7.0. Soybean and red clover nodule bacteria function 
satisfactorily at pH 6.2 to 6.3, Liming acid soils is an essential practice 
in the maintenance of optimum soil reaction for nodule bacteria. 

The possibility of inadequate quantities of nitrogen being fixed by 
the nodule bacteria has been investigated. Application of nitrogen at 
planting generally is recommended for small seeded legumes such as 
alfalfa, particularly on light colored soils. The young seedlings may need 
nitrogen before the nodule bacteria can begin to function. 

Applications of nitrogen to established stands of legumes, such as 
alfalfa, may give small but generally uneconomical responses in yields. 
Legumes properly inoculated, properly fertilized with phosphorus and 
potassium, and growing on soil at an optimum reaction generally do not 
respond to nitrogen fertilizers. However, on acid soils the nodule bac- 
teria cannot function well and a profitable response to nitrogen may be 
obtained. 

As nitrogen fertilizer is added, the efficiency of nodule bacteria is 
decreased. Also, nitrogen may stimulate grasses and weeds and these 
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plants may compete seriously with legumes for moisture, nutrients. 

and light. ,• u . i , • 

Large seeded legumes, such as snap hcans. lima beans, and canning 

peas respond to nitrogen and constitute exceptions. Nodule bacteria do 

not have the capacity to fix adequate nitrogen for these short-season 

legumes. 

SYMPTOMS 

Nitrogen-deficient plants fade in color; this deficiency is indicated 
when the leaves become pale green with a yellowish-tinge. Later the 
leLs may become distinctly yellow over their entire surfaces. The de- 
ficiency usually appears first on leaves at the bases of plants, but it 
spreads quickly to upper parts. Progressive stages of nitrogen deficiency 

on soybeans are shown in plate 2. 

Nitrogen-deficient leaves may remain chlorotic for many days while 
plants make little growth. If not allowed to go too long the green color can 
be promptly restored by adding nitrogen. Eventually, deficient plants lose 

their foliage, the lower leaves dropping first. 

Diagnosis: Dig up plants to see if roots are well nodulated. Analyze 

leaves for nitrogen. Sample the soil to determine pH and calcium content. 

On acid unfertile soils, liming, adequate fertilization, and artificial 
inoculation will go a long way toward stimulating the nodule bacteria 
to fix adequate quantities of nitrogen. 

PHOSPHORUS (P) DEFICIENCY 

Legumes as a group, have a relatively high phosphorus content. The 
amount is about the same as sulfur but never as high as nitrogen or 
potassium. Response to phosphorus often is most marked during the 
early growth period. At that time plants have limited root systems and 
depend to a large extent on localized applications. Too, cool soils slow 
both root development and release of phosphorus from soil organic 

matter. 

SYMPTOMS 

Symptoms of phosphorus deficiency are not so well defined as those 
of many other nutrients. The chief symptoms are retarded rate of grow 
and spindly plants with small leaflets, the leaves of which turn dark or 

bluish green. Maturity is delayed. ... 3 

Response of soybeans to phosphorus at blooming is shown - 

PhospLus deficient plants tend to be delayed in blooming and in ma- 
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turity. Phosphorus deficiency results in an upward tilting of leaf blades 
which niav appear to be pointed. 

In most legumes the stems also redden under severe dehciency. This 
color tends to develop if a lack of phosphorus, or any other element, 
interferes with the utilization and transfer of carbohydrates. The accumu- 
lated sugars favor the formation of the reddish pigment, anthocyamn. 
A limited supply of phosphorus reduces the number as well as the 

efficiency of nodule bacteria. 

Diagnosis: The dark green leaves of phosphorus hungry legumes often 
give the impression that the plants are healthy. Soil and plant tests are 
an aid in determining the level of phosphorus in the soil and the plant. 
A pH test is important, as acid soils fix phosphorus into unavailable 
forms. Check to determine if plant roots are able to get applied phos- 
phorus in the soil. 


POTASSIUM (K) DEFICIENCY 

Pota.ssium deficiency is perhaps the most easily recognized symptom 
in legumes. Compared to other fertilizer elements, potassium is removed 
in relatively large cjuantities either in hay or in seed from large-seeded 
leoumes. Continual 2 rowin 2 of legumes on a given field without ade- 
qu 3 tc fertilization depletes the soil of a number of elements, potassium 

in particular. 

On acid soils, limine on one hand tends to conserve potassium be- 
cause the calcium and magnesium replace some of the potassium which 
otherwise would be taken up by the plant. On the other hand potassium 
requirements are increased because of higher yields and greater removals. 


SYMPTOMS 

Soybeans: Broad-leaved legumes, such as soybeans, show evidence 
of insufficient potassium in early growth stages by irregular yellow mot- 
tling around the edges of their leaflets, particularly in the lower parts 
of the plants (plate 4|. These chlorotic areas then merge to form con- 
tinuous yellow' borders around the tips and along the sides of the leaves. 
Death or necrosis of the chlorotic areas follows, w'ith a downward cup- 
ping of the leaf edges. The dead tissue then falls out, giving the leaflets 
a ragged appearance. Marginal firing often spreads to include half or 
more of leaflet areas, while their centers and bases remain green (plate 
5 ). Extreme deficiency of potassium tends to produce wrinkled and mis- 
shapen seed. Maturity is delayed. 
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When the supply of potassium gives out late in the growing period, 
pronounced chlorosis is less likely to appear. Instead, the upper leaf 
petioles below the leaflets may turn browm and then the leaflets droop 

and die. 

Alfalfa: Potassium deficiency is one of the common causes of “alfalfa 
yellows." This condition may be caused by a variety of other factors 
includimz deficiency of boron, nitrogen, mangane.se. or sulfur. It also 
may be Uie result of insect injury (plate 17 ). so that close e.xamination 
is necessary in order to identify the specific tiouble. 

With potassium deficiency small white spots first appear around the 
mai-c-ins of the leaves (plate 6). The tissue between the spots then 
becomes yellow and dies. The severity of this marginal yellowing in- 
creases progressively from the top of the shoot to the lower leaves. Po- 
tassium is mobile within the plant and this explains the more pronounced 
symptoms on the lower parts, which lose this nutrient to the younger 

upper leaves. 

First cuttings may show little deficiency even on low potassium soils, 
since over w inter some K may be released w hich is utili/ed by first crops. 
The deficiency symptoms may become progressively worse on second and 
third cuttings. Loss of stands to weeds and grasses may be a hunger 
siizn (figure S). More alfalfa is said to starve out than to winter" 
Weeds and iirass are better competitors tor potassium than is alfalfa. 
For top production and maintenance of stands 2.0 percent of K oi higher 

in the plant is suggested (dry weight basis). 

Pciinuts: Peanuts remove large amounts ot potassium but aetual de- 
ficiency symptoms seldom appear on this crop in the field. 

Clown Defieieney in Ladino clover is first shown by the appearance 
Ilf a few small yellow spots, usually near the margins of the leaflets. The 
ed'-es later turn yellow. With severe defieieney entire leaf surfaces, with 
the exception of areas near midribs, may be afleeted. The symptoms 
in alsike. red clover, and sweet clover are very much like those in alfalfa 

and l.adino. 

Again, as with alfalfa, in a field of grasses and clovers, it potash is 
deficient in the soil, legumes will die out. perhaps without showing o - 
vimis symptoms. A high level of potassium in both the soil and the plant 
is necessary to keep clovers in a clover-grass association. 

Diagnosis Plant sviiiptoins can be verified by plant analysssoi 
tests. Soil tests are lielpful in identifying critically low levels ol a\ail- 
able soil potassium and seise as a supplement to plant tissue tests. 
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Toledo Soil Experiment Field: Coitrlexy of Illinois Agrici.ltnral Experiment Station 

Figure 7. Lime produced a marked growth response of soybeans on this acid soil (left). 
In addition to other benefits the larger leaves take fuller advantage of the energy from 
the sunlight in photosynthesis. Soybeans on right, without lime, made less growth and 

uiplf! 


Figure 8. Three 
years after seeding 
on a low-polassium 
soil alfalfa receiv- 
ing no K was near- 
ly crowded out by 
weeds and grass. 
With 100 pounds 
K per acre (right) 
alfalfa had a 91 
percent stand. Leg- 
umes may disap- 
pear without defi- 
ciency symptoms 
appearing. Weeds 
and grasses have 
greater capacity to 
absorb K and sim- 
ply crowd out the 
legume. 


WEEDS IN ALFALFA MAY 
BE A HUNGER SIGN 




K 
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CALCIUM (Ca) DEFICIENCY 

Calcium deficiency symptoms frequently have been produced on leg- 
umes in controlled greenhouse experiments. Distinct symptoms rarely 
are seen under field conditions. 

Small seeded legumes are most sensitive to soil acidity and lack of 
calcium. Such seeds have little reserve of plant nutrients, and the root 
systems of the seedlings are easily stunted. Perennial plants are apt to 
succumb to summer drouth and winter killing the first year. 

Legumes are relatively high in calcium as compared to non-legumes. 
Although the functions of calcium are not fully understood, the symp- 
toms indicate that among other roles this element plays a part in cell- 
wall formation. Weakening of the cell walls causes the sudden collapse 

of leaf petioles. 

SYMPTOMS 

Soybeans; In sand culture, emergence of primary leaves on calcium 
deficient soybean plants is delayed, and when the leaves emerge they 



Courtesy of American Potash Institut*' 


Figure 9. Soybeans without lime on this acid claypan soil were 
misshapen leaves (left). These symptoms probably resulted from a combinatio 

cium deficiency and manganese toxicity. 
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Courtesy ttf Department of A gronomy, Sorth Carolina State University 


Figure 10. Low calcium in the fruiting zone of large type Virginia peanuts shows at 
harvest in the form of many pops (unfilled shells). Calcium sulfate was applied on the left. 


ore cup shaped. Tcrniinol ends of priniciry leuves become necrotic und 
ncirrow chlorotic bands develop around portions that remain. Tissue be- 
tween the veins tends to ridge. Terminal buds deteriorate and petioles 
break down. Primary leaves become soft and are dropped. Soybeans 
grown on acid soil (ph 4.5 ) are shown in figure 9. The plants were very 
high in manganese and the effects may be due to manganese toxicity as 

well as low calcium. 

Red clover: Calcium-deficient red clover in sand culture is shown 
in plate 7. In addition to the collapsing petioles, small white dots dis- 
tributed irregularly over the entire surfaces of the full-grown older leaves 
may appear. 

Peanuts: With large type Virginia peanuts, a high percentage of pops 
or unfilled shells at harvest is a sign of calcium deficiency (figure 10). 
The plants are light green in color. 

With the exception of peanuts, the calcium requirement of most crops 
is taken care of by an intelligent liming program. For peanuts a rela- 
tively soluble source of this element may be required in addition to, or 
in place of, lime in order to insure a high calcium level in the fruiting 


zone. 
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MAGNESIUM (Mg) DEFICIENCY 

Legumes normally contain two to three times as much magnesium as 
grasses and. too, they generally contain more magnesium than phos- 
phorus. Magnesium has an important role in chorophyll formation as 
it is a part of the molecule. Magnesium deficiency hinders nitrogen 

fixation by nodule bacteria. 

Potassium additions tend to decrease uptake of magnesium. Hence, 
on a soil close to the borderline in available magnesium, high rates of 
potassium may bring about magnesium deficiency. Deficiency is more 

likely to occur on acid, sandy soils. 

In contrast to calcium, magnesium moves more freely in the plant. 

Magnesium tends to improve utilization and mobility of phosphorus. 


SYMPTOMS 

Soybeans: In early stages of magnesium deficiency, the areas between 
the main veins of leaves of soybeans become pale green. These areas 
later turn a deep yellow except at the bases of the leaves, l.ovver leaves 
are likely to be affected first. Rusty specks and necrotic blotches may 
appear between the veins and around the edges of middle and upper 

leaflets. _ . 

At late stages of grow'th, magnesium deficiency gives the general ap 

pearance of early maturity. There is a curling downward of the leaf mar- 
gins, a gradual yellowing from the margins inward, and a bronzing over 

the entire leaf surfaces. 

Peanuts: In sand cultures the older leaves of peanuts become chlorotic 
at their margins. This chlorosis later advances to midribs and the leaf 

margins become orange in color. 

Red Clover and Alfalfa: Central interveinal chlorosis appears in 

clover and alfalfa with leaf margins chlorotic in late stage (plate 8). 

Applications of dolomitic limestone generally take care of magnesium 

needs. However, where the soil pH already is high because of calcitic 

lime additions, or where legumes are grown in a rotation with crops 

requiring an acid soil, application of magnesium in a soluble form may 

be necessary to prevent deficiencies. 


SULFUR (S) DEFICIENCY 

Reports of sulfur deficiency are increasing. Several reasons may be 
given for this development, although the native supply is confinuou , 
replenished by that coming down in rain and snow. Sulfur bearing ga^cs 
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in the air are chieflN a result of the burning of coal and other fuels. While 
coal smoke has a particularly high sulfur content. 

areas particularly, inadequate amounts of sulfur are being supplied b> 

‘’%''ormcrTv"’.iiuch of the phosphorus in fertilizer was derived from nor- 
mal superphosphate which contains about 50 percent calcium sulfate^ 
'l oo. ammonium sulfate and potassium sulfate fertilizers have furmshe 
some sulfur. Although still used in large quantities, normal superphos- 
phate and ammonium sulphate gradually are being replaced by hig er 
analysis materials containing little or no sulfur. Hence, the dwindling 

sulfur supply requires special attention. 

Sulfur is a constituent of a number of plant compounds. Most im- 
portant of the.se are various proteins that are valuable in animal nutri- 
tion. Sulfur is particularly important in legumes, and total sulfur con- 
centrations in plants may approach or even exceed those of phosphorus. 

Alfalfa and clovers have shown marked responses to sulfur on deficient 
soils. Protein content may be increased even more spectacularly than 

vields. 


SYMPTOMS 

With sulfur deficiency, the younger leaves of plants, including the 
veins, turn pale green to yellow ( plate 9). In later stages' the older leaves 
turn yellow. The symptoms are very much like those of nitrogen defi- 
ciency. although when nitrogen is limiting, the older leaves tend to be 

affected first. Plants are small and slender. 

Diagnosis: Symptoms of sulfur deficiency are not as readily recog- 
nized as those of other elements. They can best be confirmed by sulfate 
or sulfur application on strips through fields to determine responses in 
plant growth. Plant analyses are helpful. 


DEFICIENCIES OF MICRO NUTRIENTS 

Essential nutrients required in extremely small amounts are called 
micro nutrients. They also sometimes are referred to as trace or minor 
elements. Even though amounts needed are small, these micro nutrients 
are just as essential for plant growth as are the major and secondary 
nutrients. The micro nutrients discussed in this chapter are boron, cobalt, 
copper, iron, manganese, molybdenum, and zinc. 

Several of the micro nutrients have properties in common. With the 
exception of molybdenum, the micro nutrients generally become less 
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available as the soil pH increases. Molybdenum becomes more available 
as the pH increases. Hence, molybdenum deficiency occurs on acid soils, 
while the other nutrients are most commonly deficient on high pH or 

alkaline soils. , . . i- . 

Copper, iron, manganese, and zinc deficiencies occur moie often in 

hioh organic soils than in mineral soils with low organic content. Muck 
and peat are organic soils frequently deficient in those nutrients. Defi- 
ciencies also occur in sandy soils, and on areas from which the surface 

soil has been removed by erosion or by land leveling. 

The optimum level of any available micro nutrient in the soil is rela- 

tivelv narrow so that toxicity as well as deficiency symptoms may occur. 
The recommended application of boron for alfalfa usually is about 5 
nounds per acre. However, an application of only 0.5 pound per acre at 
planting near rows of soybeans or peanuts will produce toxicity symp- 
toms and injure such crops (figure 11). 

BORON (B) DEFICIENCY 

Boron deficiency has occurred on a number of legumes. Among the 

crops that have shown deficiency symptoms are alfalfa, red clover. Ladino 

clover and Korean lespedeza. The plant requirement is low. Healthy 

alfalfa mav have a boron content of 

m 

35 parts per million. A 6-ton crop 
of alfalfa would thus remove only 
three-eighths of a pound of boron 
per acre. Although the amount 
needed is small, some soils are so 
low in available boron that they 
cannot supply enough for 
plant growth. 

Boron deficiency occurs most fre- 
(.|uently on sandy soils, and on highly 
weathered residual soils in the more 

■f 

humid regions. Avuilublc boron is 
readily leached from the soil. Much of the boron available in a single 
seasoii is released from organic matter by microbial action. 



I 

I 



Coiiriew <>/ Depi- ■Ic'’"" ■ Sfnie I’niv. 

Figure II. Boron toxicity symptoms in 
sovbeiins. The ntirrow margin around the 
edge of the leaf fires and is very thin. 


SYMPTOMS 


Alfalfa; Boron deficiency occurs on alfalfa moie 
any other legume crop. The youngest gi owth ^ i 
boron is relatively immobile in the plant. 





^need 
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shown in plate 10. The upper internodes of plant stems are ^horte 
and plants develop a rosette appearance. Upper lea^s near the g 
ing point turn yellow and sometimes are reddened. The symptoms are 
more severe at 'the leaf tips. The lower leaves remain a healthy green 
color Flowers fail to form and buds appear as white or ig t rown 
tissue. These symptoms frequently occur just before the flowering stage 
of erow'th and during periods of dry weather. Severe boron deficiency 
shows up as white leaves at the tops of plants. Boron deficiency may some- 
times be confused with leafhopper damage, potassium deficiency, calcium 


deficiency, or spittle-bug injury. ^ , j j • 

Boron deficiency symptoms may occur in spots over the field during 

drought periods and may be absent in years when rainfall is adequate. 

Usually the second and third crops of alfalfa are more severely affected 

than the first. 

When boron deficiency symptoms occur yields of hay may not be 
greatly affected but marked yield responses often occur. Hay quality 
may be reduced and seed yields greatly reduced even when hay yields 

are not greatly affected. 

Red and Alsike Clover: Boron deficiency symptoms occur as a red 
coloration, sometimes with a purplish tint, on the margins and tips of 
the younger leaves of red and alsike clover plants. The coloration gradu- 
ally spreads over the leaves and the leaf tips may die. 

Ladino Clover: Boron deficiency on Ladino clover is shown in plate 
11. The younger leaves turn yellow. The edges of some of the leaves 
later become red and then turn browm and die. 


Diagnosis: Symptoms can be verified by plant analyses or soil tests. 
Plant contents below 20 parts per million indicate possible boron defi- 


ciency. 


COBALT (Co) DEFICIENCY 

Cobalt is an essential element for nodule bacteria on legumes. Defi- 
ciency symptoms have been produced in nutrient culture experiments 
but no plant deficiency symptoms of cobalt have been reported in the 
field. However, the cobalt content of forage may be quite important 
to health of livestock (figures 7 and 8, Chapter I). 


COPPER (Cu) DEFICIENCY 

Copper deficiency is found mainly on peat and muck soils. Some 
newly developed peat or muck will produce little plant growth until 
fertilized with copper. 
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SYMPTOMS 

C oppcr deficicncv occurs on the younucst tissue (irovMh is reduced 
in deficient plants and their color changes to gi a\ ish-greeii. hlue-grecn 
or olive-grccn. f heir lease' die and their intern(n.les .ire shortened 
Alfalfa; In alfalfa, the leaves turn to a faded green \sith a grayish ca i 
(plate 14) Keduced growth .md shtirtened internodes proilucc hush\ 
plants. Necrotic areas appear on the maiirins of the upper leases about 
one fourth to one halt of the distance troni the leaf tips. ( oppcr deficient 
plants are much like those produced under drought conditions 

Clover: Chopper deficiency on subterranean clover is characterized by 
light green plants and the absence of the usual dark markings near the 
centers of the leaves. 

IRON (Fe) DEFICIENCY 

Iron deficiency may i>ccur on acid soils that arc high in available man- 
ganese. The iron-manganese ratio is very important However, iron defi- 
ciency occurs more frequently on high-lime soils because of low avail 
ability of iron. In this case, manganese availability is nt>t higli .md both 

elements may be deficient. 

symptoms 

.Soybeans: Iron chlorosis of soybeans is shiYun in plate 12 In the initial 
stages the areas between leaf veins turn yellow just as with manganese 
dcliciencv. However, as iron deficiency becomes more severe the veins 
also turn yellow and finally the wht>le leaf turns almost while. Uruwn 
necrotic spots also may (Kxur near leaf edges. The newer leaves arc 
affected. Iron is rclatiselv immobile in the plant so that iron does not move 
from the older leaves to the newer chlorotic leaves. 

Peanuts: The newer leaves become chlorotic. Peanuts are not so sensi- 

live to iron deficiency as soybeans. 

Alfalfa and Clovers: Iron deficiency in these crops is rare and defn 

ciency symptoms have not been described. 

Diagnosis: Iron and manganese deficiencies may be distinguished by 
observation of affected plants that have been sprayed with a 1 percent 
solution of ferrous sulfate and others with a 2 percent solution of man- 
iiancse sulfate. Normal color should be restored in 5 to 7 days where the 

w 

deficient nutrient (ferrous iron) has been applied. 


total 


MANGANESE (Mn) DEFICIENCY 

Manganese deficiency' usually occurs in soils that are low in 
mansanese and have a pH above 6.2. Manganese availability is tow in 
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alkaline soils, and is reduced by liming acid soils. The deficiency is most 
common in humid regions in peat and muck .soils. ,n organic sandy 
soils and in hcavv tc.xtured soils that are high in pH. le e icicnc\ 
usLiallv occurs in depressions in fields. Frequently a very slight reduction 
in elevation causes an increase in pH which results in a manganese defi- 


cient area. 
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Figure 12. Manganese deficiency causes inier-veinal chlorosis of the soybean leaves. The 

newer leaves are usually the most deficient. 


SYMPTOMS 

Soybeans: Manganese deficiency on soybeans is shown in plate 13, 
The leaves first become chlorotic in their inter-veinal areas while the 
veins remain green. Whole leaves, veins excepted, become pale green and 
then pale yellow. Brown spots, necrotic areas, develop as the deficiency 
becomes more severe. 

Manganese deficiency of soybeans differs from iron or magnesium 
deficiency in that the veins remain green, and stand out prominently (fig- 
ure 12). The deficiency occurs on the newer leaves. However, because 
of a change in vv^eather conditions, or because the roots may grow into 
more acid soil having more available manganese, later leaves may de- 
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velop huMng a licalth> green appearance The chlorotic lca\cc will remain 

chlorotic but will no longer be at the tops i>f the plants 

Peanuts: Leases of manganese clehcient jxanut plants become chio 
rotic but the seins d*) not remain as green as with soybeans In carls 
stages, the chlorosis appears as a pale yellow coloration between the 
veins, l ater in the growing period, the chlorrrsis appears dclmilels 

bron/ed. . ,, ,, 

Alfalfa and Red ( lover Manganese deficiency sympti'iiis on alfalfa 

and on red clover once were reported on heavily limed C ollington loam 



C OUrte%\ ff Deportnif -it nf j 


Ficure 11. Molybdenum deficiency in soybeans (lefi). Molybdenum is necessars 

nodulalion of roots of legumes (right). 

in New* Jersey. Both crops w^ere very stunted in growth and their leaves 
showed marked interveinal chlorosis. Application of 50 pounds of man^ 
eanese sulfate per acre restored the plants to their normal color ano 
growth. This instance is an unusual case, as alfalfa and red clover rare y 

are manganese deficient. 

Diagnosis; Manganese deficiency can be corrected in mos eg 
by spraying the leaves with a 2 percent solution of manganese su a c. 

Normal color usually is regained in 3 to 7 days. 


MOLYBDENUM (Mo) DEFICIENCY 

Molybdenum deficiency has been diagnosed on many legumes. NL jyb- 
denum is needed by nodule bacteria in the process of nitrogen 
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from the atmosphere. Molybdenum also is needed for nitrogen assimila- 
non in the plant. -Smaller amounts of molybdenum are required for 
assimilation, so most deficiencies are related to a reduced rate of nitrogen 
fixation. Molybdenum deficient plants are similar to nitrogen deficient 
plants, since thev both lack nitrogen due to inability of the nodule bac- 
teria to meet requirements (figure 13). 

Molybdenum deficiency occurs on acid soils because molybdenum 

is less available under conditions of low pH. This deficiency usually is 
related to soil type and often can be corrected by liming. Some types 
of soil have smaller amounts of available mol>T)denum than others even 
though they have the same total amount of this element. 


SYMPTOMS 

Alfalfa: Molybdenum hungry alfalfa is pale green and has reduced 

erowth. Its lower leaves may die and drop off prematurely. The symp 

toms arc similar to nitrogen deficiency. 

Soybeans: Soybeans showing no deficiency symptoms in the field have 

responded to molybdenum applications in Indiana. By growing second 
izeneration soybean seedlings in molybdenum deficient nutrient solu- 
tions, deficiency symptoms were observed. The leaves were necrotic and 
twisted on their stems. They were pale green and had necrotic areas 
adjacent to their midribs, betw'een their veins, and along their margins. 
Symptoms on soybeans w ith adequate nitrogen are shown in plate 1 6. 

Clover: Clovers turn pale green and the leaves become chlorotic as 
molybdenum deficiency becomes more severe (plate 16, upper). 

Peas: Foliage is pale green and vine growth of molybdenum deficient 

peas is reduced. 


ZINC (Zn) DEFICIENCY 

Zinc deficiency occurs under a wide variety of soil conditions. Addi- 

m 

tioiTs of lime and phosphorus may reduce zinc availability and cause 
deficiencies to occur. Zinc deficiency is more common in regions of 
limited rainfall where the surface soil has partly or entirely been removed 
by erosion or by leveling of land for irrigation. Deficient soils are more 
likely to be alkaline and are likely to contain lime. This deficiency may 
occur in spots in fields, particularly where newdy leveled as in irrigation 

projects. 

SYMPTOMS 

Soybeans and Beans: Zinc deficient plants fail to develop to natural 
size. The interveinal areas of the leaves become yellow and chlorotic, 
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the chlorosis being more severe on the lowest leaves (plate 15). The 
chlorotic tissues may turn brown or grey and die prematurely. A zinc- 
deficient area in a soybean or bean field will be yellowish-brown in color 
when viewed from a distance. Maturity will be delayed and few pods 

produced. 

Alfalfa and Clover: While zinc deficiency symptoms rarely occur in 
alfalfa or clover, this element is important in seed production. The first 
symptoms of zinc deficiency are bronze-colored spots around the margins 
of upper leaves. Subsequently, these bronzed areas become white and 
necrotic (dead). At a later stage the bronze spots become scattered over 

entire surfaces of leaflets. 

Cowpeas: Zinc-deficient cowpeas develop small brown spots on their 
lower leaves. Interveinal areas become chlorotic and veins remain green. 
Tissue in the brown spots may die and edges of the leaves may become 

crinkled (figure 14). 

Peanuts: Responses by peanuts to applications of zinc-bearing com- 
pounds have occurred but no deficiency symptoms have been observed 
on peanuts grown on soils where cowpeas have shown a deficiency. 



Courtesy of Citrus Experiment Station. University of Florida 

Figure 14. Zinc deficiency in cowpeas. Healthy leaflets (left). Various stages of 
(right). The leaf tissue between the veins becomes yellow and the area along t 

remains green. 
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Diagnosis: Where foliar applications of a 1 percent solution of zinc 
sulfate induce healthy plant growth, a deficiency of this element is 
likelv to prevail. This is an effective means of determining if the deficiency 
symptoms are induced by low zinc availability. Plant analyses are helpful 

also. 

NUTRIENT CONTENT OF LEGUMES FOR GRAIN AND FORAGE 

Chemical analyses of plant tissues are becoming an important means 
of diagnosing nutrient deficiencies, particularly with the widespread use 
of spectrographic analysis. Comparison of the chemical composition of 
healthy and deficient plants often indicates the nutrient that is suspect. 
A knowledge of normal contents of elements and contents below which 

a deficiency may occur also is helpful. 

Values are given in the list which follows for average nutrient con- 
tents of healthy plants and contents below which deficiencies may occur. 
Values are not shown for all nutrients because of lack of information. 
Nutrient values for soybeans are for aboveground portions of plants at 
the bloom stage. Those for alfalfa are for aboveground portions at the 

one-tenth bloom stage : 

Alfalfa Soybeans 



Healthy 

Deficient 

Healthy 

Deficient 

Nutrient 


when below 


when below 



npr cent 


Calcium 

? 9 

1.8 

1.5 

0.8 

Magnesium 

0.7 

0.3 

0.6 


Nitrogen 

3.0 

— 

2.7 


Phosphorus 

0.3 

0.23 

0.3 

0.2 

Potassium 

2.3 

1*8 

2.5 

2.0 

Sulfur 

0.3 

0.2 

0.25 




. . parts per million 


Boron 

35 

20 

40 

20 

Manganese 

40* 



35 

15 

Iron 

40* 



100* 

— 

Copper 

20* 

10* 

25* 

— 

Molybdenum 

2 

0.5 

2 

0.5 

Zinc 

40 

15 

30 

20 

Cobalt 

0.2 


— 

— 

These values are 

tentative and may be 

adjusted as more research is done. Those 

marked with an 

asterisk are based on 

limited data. Contents 

of some nutrients in 

healthy plants vary 

widely from the 

values given. These are the values reported 

most frequently in the 

literature. Blanks indicate that data 


are not available 


NON-NUTRITIONAL SYMPTOMS 

Insect damage: Considerable care must be exercised in diagnosing 
nutrient deficiency symptoms if they are not to be confused with insect 
damage (plate 17). Leafhopper damage is especially confusing. The 
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le.ifhoppcr punctures the midrib of the leaf and the resulting yelkm or 
red discoloration is m the form of a "V" The .ipc\ represents the pivint 
of feeding (plate 17. left). In alfalfa this “V” type of yclkming or 
reddening provides one of the best means of recognizing leafhopper 

iri)ur>. 

Spots that are caused by the garden flea beetle on alfalfa sonKtimes 
may be misUikcn for the beginning of pr»tasMum deficiency. H*>svevcr. 



l- _D 




% i 


AliS C SO< 


f icurc 15 Symp'omt of hacicrial-ifrduceti chlormis in wiybc^ny Ti*p rw fie?’ 

N deficient leaf, normal leaf, chlorotic leaves rr^w fe4ve^ with varying degrees 

of .hlor.v.iv Leaf on right .. in advanced sta^ of recavrr>. 


such spots arc not concentrated on leaf margins and yellowing docs nol 
develop between the sjxil.s. 

rhrip damage often gives rise to peculiar malformations on pcjr.uH 
early in the gro\ving season (plate 17. right) Applications of DDT 

usually solve this problem. 

Bacterial induced chlorosis: An upper leaf chlorosis occurs on cer- 
tain varieties of soybeans when inoculated with certain straias of nodak 
bacteria. This chlorosis always is restricted to new grow'th ai^ 
dividing line between normal and chlorotic portions of the plant is 
distinct. In color, this chlorosis varies from almost white to a moOied 


DEFICIENCIES IN LEGUMES FOR GRAIN AND FORAGE 


167 


^ 1 c \ ir. rases the axillary buds at lower nodes 

^rje^lop imo profu« leaves or branches and the new growth rs 

'■'"TchLcrerishc of rhis field chlorosis is its rapid rrnset. persistence of 
the symptoms for one or two weeks, and then recovery. 
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KCV TO PtANT NUTtie^iT DCTJCi€M:T StmPTOmS OT LK>Um£S 


Dftiiwmi 


I. I ffcclv 9pfe-iii ihrmigbout enure riarii% or ct>nftfied lo akicr or li^^er 
Icavoi 



Cjcnerat im »Hoie plint; a No yellowing aod drying up or ftring of 


R 


kmer leaver 

1 Plant light green Lower !«»»«» effetUti hr*i but oUicr teav« 

wXHi rolkjw Lower leavei fj<k to pale yellow then brown with 
later »hetWtn». Stunted growth Due to Uck of nitrogen to ain^ 

by bacteria . . .... ...... 

2 PUnl dark green. Pclioleit and tafltru titled upward Ptarvu 

tpiodly and slurried. Stems may turn red. 

3 Plant light gitm Lower toives die and dr«Tp ufT prcfTMiurely 

I tx ili/ed, occurring a^ mottling or chlorosis with or withr ut ^pui% 
of dead ii«uc on U>wer leaves, little drying up of kmer leaves 

1 Areas bet ween mam veins become pale green which later turn 

deep yelkm The baac and louder oenicr of the leaf arc not 
itTccicd. ncfkiency appearing at a late stage of grtvwth i« 
shov.n by a dovtnward curling of leaf margma. a gradual 
yclUiwmg from the margin inward and brk»n/ing. ....... 

2 Yellow rm'Hiling around the edges of the leaf f hkvrotic areas 

mTge forming a rather distinct, contmucHS yelkm N*rdcr 
around the tip end and along the sides of the leaf This area 
soon dries and the dead tissue falls out In smalUcavcd leg un» 
there IS a tendency for leaves on all parts of the plant to be 
affected with small white sprits appearing around the leaf 

margins hrsl. Stunted growth - 

3. Brown spots develop with yellowing of the leaf tissue between the 
veins, lycad tissue drops out of cHloruiic areas. Stunted growth 


N 'I r t »gcr 


Plhospborus 
M. 'Ubdenuni 


. M .ignestum 


. p.^aassium 

./me 



I ffecta locali'/cd on newer leaves pliint, stunted growth. 

A. Terminal bud dies following dislortiooa at the tips or tose of young 
leaves. 

I Leaves near the growing point yclkrwed and sometimes reddened. 
Lower leaves remain healthy green color. Infernodes shortened 
forming a rosette. Buds appear as while or light brown .^d 

tissue. Little flowermg * * 

2. Eme^'gence of primary IcavTS delayed and leavw when emerged 
arc cup shaped. Primary leaves necrotic and n *rrow chlorotic 
bands develop around rcrnaindcr of leaves. Terminal bods de- 
teriorate and petioles break down 


♦ron 


Calcium 



Terminal bud remains alive, 

1. Leaves light green to yellow with all veins remaining distinctly 
green. Spots of dead tissue appear on the leaves. Heavy rams 
may cause chlorosis in young leaves to disappear. • - 

^ Leaves yellow to almost while with principal veins remaining 
green. Spots of dead tissue appear particularly at the leaf 

margins. Tissue drops away 

3. Leaves including veins turn pale green to yellow. Young leaves 

affected first * " 

4. Young leaves may wilt and wither without chlorosis. EscessWe 

leaf shedding occurs * 


Manganese 


Iron 

Su1f«f 

Copper 
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(left) an efficient strain of bacteria was used. 



Courtesy of V. S. Retf tonal Soybean Industrial Products Laboratory 


Plate 2. Nitrogen deficiency symptoms in soybeans. Progressive stages of nitrogen deficiencies 
are shown. The plants were grown in gravel culture under controlled conditions. 
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Courtesy of Department of Agronomy. iWorih Carolina Stale College 


Plate 3. Growth response of soybeans to phosphorus at blooming on a soil low in phosphorus: 
(left) no phosphorus added; (right) 17 pounds P — equal to 40 pounds (P.Or.) per acre. Lime 

and potassium were added to both rows. 


<- 



Courtesy of Department of Agronomy, University of Illinois 

Plate 4. Potassium deficiency symptoms in soybeans. These begin with yellow mottling, then 

form continuous bands along sides and tips of leaves. 
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Plate S. Potassium deficiency symptoms in soybeans. In advanced stages 

proceeds inward and the margins of the leaves fuse to a medium brown color. cente 

of the leaf still mav be green after the margin is completely dead. Seeds are wrinkled 


and misshapen. 
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€'(fnr(esy of Aotericiin Potash Institute 


Plate 6. Potassium deficiency synip. 
toms in alfalfa. These begin as 
small white spots around margins 
of the leaves. In later stages, the 
tissue between spots becomes yel- 
low, turns brown, and edges of 
leaves become broken and ragged. 



for some tune bcfi>ic wdting occurs. 
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Couriesy of Corporalion 

Plate 8. Magnesium deficiency symptoms in red clover. Leaves become chlorotic between veins 

and severe chlorosis may occur on leaf edges. 




Courtesy of Depart oient of Soils. University of Wisconsin 

Plate 9. Sulfur deficiency symptoms in red clover are shown first by the younger leaves, includ 

ing the veins, which turn pale green to yellow. Necrosis follows. 


175 






Plate 10. Boron deficiency symp* 
toms in alfalfa. Leaves near the 
growing point are yellowed and 
sometimes have a reddish tinge, or 
they may appear rosetted. Lower 
leaves remain a healthy color. 



Plate 11. Boron deficiency symptoms 

take on a reddish tinge. 


Courtesy of Department of Agronomy, Purdue Uni 


in Ladino clover. Margins of leaves turn yellow 
Edges of leaves later turn brown and die. 
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Plate r Iron deficiency in soybeans. Inter-yeinal areas first turn yellow and yeins remain green. 
Plate 1-. ^ins afso turn yellow. Finally the leaycs turn almost white. 



Courtexy oj Department of Agronomy, North Carolina State University 

Plate 13. Manganese deficiency symptoms in soybeans. Inter-veinal areas turn pale green and 
then pale yellow. The veins remain green and stand out prominently. Eventually necrotic 

brown spots occur on the leaves. 
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Caurtesy of Departoieni of Soil Science, Michigan State Vniver&Uy. 


Plate 14. Copper deficiency in alfalfa. Left, normal leaf. Center, deficient leaves. Right, 

severe deficiency. 



i ourtesy oi I'SDA ARriciiltural Research Service 

’ deficient soybean leaves: (right) 


Plate 15, /inc deficiency in 

a normal leaf in the same stage of growtn. 
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Courtesy of Depanmem of Soils. I'niversiiy of Wisconsin 

i-r ''p. :2s: 

nitrogen. Lett ^ ,oms' of molybdenum deficiencies m soybeans. 



Courtesy of Department of Agronomy, North Carolina State University 


Plate 17. These symptoms are not signs of nutrient deficiency; (left) leafhopper injury on 
crotalaria — note the characteristic yellow “V” at the tip of the leaves, a condition that o ten 
is widespread in alfalfa and peanuts; (right) thrip injury in peanuts, a type of malformation 

occurring early in the growing period. 
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Chapter VI 


Nutrient Deficiencies in Forage 
Grasses 

By W. W. Woodhouse, Jr.* 


TToragk grasses constitute a very large and diverse group of plants. 
F Included are annuals and perennials, tall species and short species, 
bunch types and sod formers. Some do most of their growing m cool 
seasons and others in warm seasons, and some are high producers an 
some are low producers. Contrasts in size, growth habit, composition, 
ueographic area of adaptation, and usage, such as occur between Ken- 
tucky bluegrass grown for grazing above the Arctic Circle and elephant 
grass cut for green fodder under the Equator are not uncommon withm 
this grouping. Despite this high degree of diversity, forage grasses in 
general possess certain common characterLstics which make such a group- 

inc worth while for purposes of this discussion. 

In the first place, all have, the morphological characteristics of the 
grass family. In particular, their leaves are of special interest since leaves 
are the plant part most likely to show hunger signs. They have fibrous 
root systems which are quite effective in extracting water and certain 
nutrients from soils. Unlike a somewhat parallel group, the forage 
legumes, they have no built-in nitrogen supply and are completely 

dependent upon the soil for this vital element. 

Secondly, except for the quick-growing summer annuals such as 

millet, Sudangrass and annual ryegrass, forage grasses grow over a 
relatively long season. This results in a fairly uniform demand for nutri- 
ents, spread over a period of several months, with no very pronounced 
peaks. Large amounts of nutrients in readily available form are not 
required, but adequate levels of all the essendal elements must be main- 
tained throughout the entire growing season. This calls, at times, for a 
different approach to fertilizer application from that followed with many 

•W. W. Woodhouse is Professor of Soil Science. North Carolina Slate College of Agriculture and 
Enpinccring. 
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year's production. 


A third common denominator is that of usage. The forage grasses are 
grown primarily for their above-ground vegetative parts, this vegetative 
growth usually being used in the feeding of animals. Continued removal 
of most of the above-ground growth means that the potential drain on the 
fertility of the land, through the removal of nutrients, by the productive 
species is high- thus, the likelihood of one or more elements becoming 
deficient, on all but the most fertile soils, is very good indeed. In other 
words, as a group, forage grasses may be expected to suffer from nutrient 

deficiencies quite often. 

Deficiencies of many of the essential elements occur and have been 
identified on various forage grasses. Unfortunately, from a diagnostic 
point of view, the small, narrow leaves of these plants do not lend them- 
selves to the development of clear-cut, distinctive, readily recognizable 
symptoms like those often seen on the large, broad leaves of such plants 
as tobacco or even on the larger leaved members of the grass family such 
as corn. Consequently, “deciphering deficiency symptoms on most forage 
grasses necessitates the reading of very fine print." The principles con- 
trolling the expression of hunger signs for various elements in corn apply 
in general to all the forage grasses, but due to the small size of the latter 
symptoms that theoretically should appear as leaf striping, chlorosis of 
\Li margins, or scorching of midribs may tend to come out looking very 
much alike. Consequently, supplementary information, such as is 

hv coil and nlant analyses, and thorough knowledge of the en ir 



pation a 
feasible. 


FACTORS AFFECTING NUTRIENT SUPPLY 


NUTRIENT REMOVAL 


One helpful bit of background information is 
nutrients removed annually in good crops of the 


ion is an appreciation of the 
of these grasses (33). A few 
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example' may be shovMi as follows. 


Speem 


Nitrogen Phosphorus Potassium 
N P.Ofc K,0 


Calcium 

CaO 


Dr> Matter 


Sinooth bromegrass 
Kentucky bluegrass 
Coastal Bermudagrass 


108 

80 

126 


. . pounds per acre per year . . 
3g 171 36 

36 8 :: -5 

41 104 63 


6.000 

4,000 

9,000 


As these figures indicate, nutrient removal by a forage grass can be 
.mte larpc. far in excess of that contained in the harvested portions of 
manv high yielding crops grown for grain, fruit, or fiber. Obviously, the 
continued production of high yields of forage grasses can become quite 

a drain on the nutrient supply of many soils. 

Attention should be called to the fact that these nutrients are removed 

mtofo when forage is harvested as hay or silage and fed elsewhere. Even 
under grazing, with certain e.xceptions. removal of nutrients is. m effect, 
ulrnosr equally complete. Consideration of nutrient removal under 
grazing often is complicated by the realization that a sizeable proportion 
of the nutrients consumed on the pasture pass through animals and are 
returned to the soil in e.xcreta. However, studies of this process indicate 
that under most conditions this redistribution of nutrients by the grazing 
..nimal is highly inefficient and this form of return is quite ineffective 
,n maintaining 'the fertility level of the pasture as a whole (IS). Ex- 
ceptions occur with very high animal stocking rates, under certain soil 
.md climatic conditions, and with elements such as phosphorus which are 
ver\ immobile once they enter the soil. 
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SOILS 

Forage trusses on the whole tend to be concentrated on the less de 
sirable lands in any given region. These usually are occupied by soils 
that are not the most useful for crop production because of drainage, 
texture, stoniness, depth, slope, erosion, natural fertilitv, or other fac 
tors These lands often are inherently lower in nutrients than the belter 
soils of the reeion. Furthermore, this condition often is aggravated by 
their having received less than average amounts of fertilizers and lime. 
To be sure "many exceptions occur, the more common one being where 
foraees are grown on the better soils in rotation w ith other crops. 
Forage grasses are quite effective in utilizing residual nutrients from fer- 
tilizers applied to preceding crops. Consequently, where they are grown 
on good soils in rotation with well fertilized crops, deficiency problems 
usually are held to a minimum. 
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Although use of the better soils for growing forage often is justified, 
nothing is necessarily wrong with growing forage grasses on the less 
desirable soils of a farm or a region. This often represents sound land 
use The ability of grass plants to utilize soils with various inherent 
cropping limitations is one of the strong points favoring growth of 
forages However, the fact that forage grasses often wind up on the 
poor soils almost guarantees that these plants will be subject to their 
f^ull quota of deficiencies. Such soils often are unable to supply sufficient 
Quantities of one or more nutrients for sustained forage production. 
The nature of the soil usually indicates the most probable limiting 
nutrients Examples may be found in succeeding sections on individual 
elements’ The characteristics of the soil on which a forage grass is grow- 
ing should be given careful study when attempts are made to anticipate 

or identify deficiencies. 

COMPANION PLANTS 

The common practice of growing forage grasses in association with 
other plants, principally legumes, influences the occurrence of nutrient 
deficiencies in the grasses in several ways. Since grasses usually are more 
adept at extracting certain elements from the soil than legumes, the alter 
sometimes can be used as indicator plants. The elements potassium (K), 
sulfur (S) manganese (Mn). molybdenum (Mo) and boron (B) seem 
to fall in this category. This means that marked deficiency symptoms 
of these nutrients are not likely to appear on a grass stand until its 
accompanying legume essentially has been starved out. Consequently, 
the productivUy of the grass as well as of the mixture may be great , 
reduced before any visual indication of the cause can be found on the 

^^^^Somewhat the reverse of the foregoing relationship appears to be 
true in the case of at least two elements, calcium (Ca) and magnesium 
(Mg) Grasses often are poorer competitors for these elenien ( ) 
hi legurrtas and theoretically at least may be the first to -ffer 

ever, different grasses seem to vary widely in therr 

two elements. For example, Kentucky bluegrass, smooth brome, 

orchardgrass usually do best on soils that either ^ 

sensitive to cLium (Ca) and magnesium (Mg) supphes. A'«>; 
for those in the so-called "acid tolerant" group, legumes gene y 
Ire Tnsitive than grasses to "lime" factors, other than c^cumJCa) 
and magnesium (Mg) supplies, such as soil reaction. C q 
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legumes often disappear before grass components of forage crops ex- 
hibit symptoms populations within forage mix- 

These shifts may be due to cutting or 8r“ J 8 

disease dama^t. or to .hortaees While plants grown in 

S£st"airrave 

are most likely to lose out when nutrient deficiencies develop. 

NITROGEN (N) DEFICIENCY 

Nitrogen is essential for photosynthesis, growth, and reproduction in 
plants. As a major constituent of proteins and of the 

not only in influencing yield but also quality, since protein often is a 
rough measure of feed quality. Nitrogen is utilized in relatively large 

amounts by forage grasses (see listing), ^^^th the ^ 

highly organic soils formed under poor drainage, principally peat 

and muck, most soils of the humid regions are low in this ' 

due to the rapid decomposition of organic materials and subsequent 
leaching of nitrogen from these soils. Most of the nitrogen applied 
in fertilizers is, or soon is, converted to nitrate or ammonia^ Both o 
these forms are readily soluble, ammonia being held loosely by the soil 
and nitrate remaining largely in the soil solution where it is high y 
vulnerable to leaching. Furthermore, in warm, well aerated soils, am- 
monia soon is converted to nitrate and may be washed away. 

Forage grasses frequently are grown in association with legumes. 
Where legumes make up a significant part of forage crop mixtures and 
have properly functioning root nodules, the grasses are able to obtain 
considerable quantities of nitrogen from the legumes (4). In such mix- 
tures the quantities of nitrogen available to the grasses will be some- 
thing less than the amounts that could be utilized to advantage. This is 
pg]-^jj;u]afly true early in the year of establishment of mixtures, during 
which period relatively little legume nitrogen becomes available to 
the grass. However, attempts to supplement the nitrogen supply by 
^gj*tj|j 2 ing the grass growing in such mixtures beyond the seedling 


186 


HUNGER SIGNS IN CROPS 


Stage are not generally feasible. This is due to the fact that additions of 
nitrogen are likely to upset the competitive balance between the grass 
and legume components, coupled with the tendency of legumes to 
utilize applied nitrogen, with a corresponding reduction in nitrogen 
fixation by root nodules. This substitution of fertilizer nitrogen for the 
fixed nitrogen within the legume nodules, reduces the efficiency of 
nitrogen applications and makes them of questionable value (34). Con- 
sequently in practice, grasses, grown in mixtures with legumes, are 
largely dependent upon the legumes for nitrogen. Under ideal condi- 
tions this supply will be ample for the mixture. Under conditions less 
favorable for legume growth and nitrogen fixation, the amount of this 

nutrient available to the grass may be less than optimum. 

However, large acreages of forage grasses are grown in pure stands, 

without legumes. This practice is increasing in many areas for a number 
of reasons, a major one being that production of much higher yields of 
forage often is possible through the use of pure stands of the better 
grasses, heavily fertilized with nitrogen, than with grass-legume mixtures. 

Where grasses are grown without legumes in humid regions, nitrogen 
supply usually is the first factor limiting growth. Few of these soils can 
supply, unaided, the amounts of this element needed for even moderately 
good growth of these plants. Some degree of nitrogen deficiency probably 
is far more widespread in grasses grown for forage than is generally 
realized. For example, nitrogen response has been noted in recent years 
on some dry rangelands, where formerly moisture had been considered 

the primary limiting factor (26, 27). 

The degree of such deficiencies may, however, vary over an ex- 
tremely wide range in the more productive species or varieties. For ex- 
ample. Coastal Bcrmudagrass can be maintained in a healthy condition 
by annual applications of less than 100 pounds of actual N per acre. 
Yet this plant may continue to show pronounced yield responses to ap- 
plications as high as 800 pounds or more of actual N per acre per year 
(3). Obviously, in this case, anything less than 800 pounds of N is 
limiting growth, yet between the 100- and 800-pound rates visi e ' 
ences will be confined largely to amounUs of growth and to shades o 
green. In other words, nitrogen deficiencies of considerable economic 
significance may occur which in grasses are not distinguishable visually 
from any one of several other factors which result in slow growth and 
lighter than normal green color. Therefore, in practice, ability o 
anticipate impending shortages of this nutrient m gra.sslan s ^ 
of the development of characteristic symptoms is highly desirable. 
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being about one-third that of nitrogen. This element takes part in a large 
number of vital processes in both plant and animal growth. The effect 
on an animal suffering from phosphorus deficiency in its feed or forage is 
shown in figure 3. Chapter I. In plants it is a key nutrient in growth and 
cell division and tends to be concentrated in the young, actively growing 
tissues Since these tissues usually are the most palatable and nutritious 
portions of the plants, production of high quality forage is quite dependent 

upon adequate supplies of this element. 



to stocky vigorous appearance of normal seedlings. 

Phosphorus is initially deficient in the majority of soils, and the per- 
centage recovery of that applied in fertilizers 
nitrogen (15). It is likely to be deficient in any sod, 
from parent materials high in phosphorus, unless the eve 
has been built up by the continued use of phosphatic fertilizers. Phos 

phorus supplies are more likely to be limiting to the P ^ 

pounds with iron and aluminum under acid conditions. Ava. abihty 

phosphorus in soils usually is highest between pH 6.5 and 7 ( l / b 
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Moisture conditions also 

available in dry soils, making the dehc.ency more Itkely to 

drought or near-drought ^xt^ct slowly 

Evidence on the re ative at conflicting Research has shown, 

for trample that red clover ts able to absorb more phosphorus (P) 

from soils trcate .nnlied phosphorus more than seedling 

Seedling grasses may respond to appiieu p p 



Fieure 2. Leaf blade of tall fescue showing pronounced cupping and necrotic spots 
associated with phosphorus deficiency on established plants of some grasses. 


legumes (22). On the other hand, established stands of grasses are. m 
many instances, able to obtain their requirements for this element from 
soils rather low in available phosphorus, even to the point of crowding 
out some legumes. This process doubtless is facilitated by having the 
need spread out over a long growing season. This type of demand may 
be met quite adequately by a slow but continuous transfer of phos- 
phorus (P) from soil to plant. The extension of the very fibrous root 
systems of these plants through the soil mass also may promote this 
type of absorption. 
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Specific forage grasses vary considerably in their abilities to obtain 
this element from soils and to tolerate low levels of available phos- 
phorus. Certain species long have been considered to be indicators 
of low^ phosphorus soils (20), These are for the most part undesirable 
grasses, such as poverty grass and broom sedge, while the better forage 
grasses are not well adapted to soils containing meager supplies of this 
nutrient. Therefore, phosphorus usually is an integral part of sound 
fertilizer progranis aimed at the production of forage. 


SYMPTOMS 

Seedlings: Phosphorus deficiency is more common in seedling forage 
grasses than in established stands. This is probably due to both their 
restricted root systems and the limited amounts of this element stored in 
the small seeds of these plants. The young seedling is cjuite dependent 
upon fertilizer phosphorus, particularly during its early stages of develop- 
ment. For this reason, striking responses to applied phosphorus often are 
seen during this period, which may disappear completely after root sys- 
tems become fully developed and are able to exploit larger volumes of 



Figure 3. Leaf blade of normal tall fescue showing flat, rather than cupped, appear 

of full-grown leaf. 
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FiRure 4. Tall fescue exhibiting sparse stand and coarse appearance under acute phos 

phorus deficiency. 


soil. One should remember, however, that in spite of the often temporary 
character of such a deficiency it can have very undesirable effects. Since 
most forage grasses are grown in broadcast stands, any reduction in 
vigor of seedlings may hamper the development of thick, weed-free sods. 

Symptoms of phosphorus deficiency in young plants are variable and 
not always easily identified. This is not surprising in light of the fact that 
this element is involved in so many plant processes and the exact ex- 
pression of a deficiency of it may be expected to vary with light, tem- 
perature, rate of growth, level of other elements present and other factors. 

One pattern which develops in some species, particularly in cool 
w'eather, is that of slow' growth, accompanied by the appearance of an 
abnormally dark green color, while stems and lower leaves acquire a 
reddish or purplish cast. The seedling shown in plate 7 is fairly typical 
of this pattern. Other species, especially under higher temperatures, have 
an appearance of nitrogen deficiency. This suggests in such instances that 
the plants in reality are suffering from an internal nitrogen deficiency, 
since a shortage of phosphorus interferes with the assimilation of nitrates. 

Established Stands; Clear-cut phosphorus deficiency symptoms are not 
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SO readily found in well-established grass stands as they are in new plant- 
ings for at least two reasons; ( 1 ) Symptoms often are obscured by in- 
vasion of weeds or other more tolerant grasses, and (2) acute deficiencies 
are less frequent because older grass plants are better able to cope with 
low levels of available phosphorus. Furthermore, where grasses are in- 
adequately fertilized, phosphorus deficiency often is overshadowed by 
nitrogen deficiency. The following description is of phosphorus de- 



Figure 5. Normal tall fescue sod showing thicker stand, more vigorous growth, with 

leaves somewhat less coarse than in figure 4. 


ficiency uncomplicated by shortages of other nutrients, a condition that 

may not be found very often in the field: 

The general appearance of a perennial grass sod suffering from an in- 
adequate supply of phosphorus often is that of an open, thin stan . 
provided, of course, that other species have not taken over and hhed in 
the empty spaces. This may be accompanied by an enlargement of indi- 
vidual plants and leaves as seen in figure 4 which apparently takes place 
following periods of dormancy during which the very slow process o ex- 
traction of phosphorus from the low soil supply continues. Presuma >. 
this permits accumulation of sufficient, though very small, amounts o 
this element to allow for the enlargement of the few remaining p an 
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which have been released 

thinning of the stand. The net ^ j having this general ap- 

"sonTro^phorus-defidcn. grasses develop a more specihc symplon, 

which, when coupled with the appearance d«cnK-d P^^ 

paragraph, helps considerably ,n „,<„e mature 

general symptom descrtbed for 

inrn nurole for some distance back from the tips of the older ‘ “ [ 

When viewed in full sunlight the undersides of all ‘ , 

mther uniform purplish tinge. Again this seems to be P-* 
weather phenomenon, showing up in fall or early spring. ^ y _ 
replaced in midsummer by symptoms that have more the appeara c 

"‘^l^som^ pho^p^horus deHcient grasses— those with leaf blades that are 
normaUv flat, such a.s tall fescue, as opposed to the V shaped blade 
of orchard grass— the blade margins tend to curl upward, regardless o 
whether the front or the back of the leaf is turned up. An exanriple o 
this type of symptom is shown in ligure 2. This results in a decided 
cupping or rolling of the blade, extending through the greater part of 

its length and giving a boat-prow shape to the blade tip. 

Recovery of forage grasses from phosphorus deficiency, o owing 
application of this element is likely to be much slower than when nitrogen 
or potassium is lacking and the supply is increased. In fact, where a phos- 
phorus addition is made on the surface of a perennial sod during a dry 
season. improvement may not be noticeable until the following year. 


POTASSIUM (K) DEFICIENCY 

This element is of major importance in the production of forages, 
often being taken up by grasses in amounts roughly equal to or in excess 
of their nitrogen consumption (see listing). The role of potassium in 
plants is less vTell defined than that of some other nutrients, but it is know n 
to be vital to several physiological functions, such as formation and move- 
ment within the plant of sugars and starch, synthesis of proteins, normal 
cell division and growth. From the standpoint of forage, an important 
effect of potassium is that of increasing the resistance of plants to some 
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diseases, particularly those that aflFect leaves and stems. Also, a deficiency 
of potassium may interfere with the transport of foods, such as sugars 
and starch, from plant tops to roots. Weak, starved root systems are 
characteristic of plants deficient in this element, a condition which fre- 
quently results in pronounced susceptibility to drought. 

Potassium also is heavily involved in the development of resistance 
to cold injury in plants. This probably is a direct effect through control 
of the contents of the individual plant cells, and indirectly through the 
promotion of vigorous, more extensive root systems. 

Potassium usually is not as deficient in soils initially, as is phosphorus, 
but potassium tends to become a major limiting factor as cropping con- 
tinues. Soils are likely to be higher in this nutrient in the drier and cooler 
climates, and lower in the warmer and wetter regions. Most soils, with 
the exception of acid sandy and highly organic types, contain relatively 
large amounts of total potassium. Usually, only a small fraction of this 
total is available to plants during any one season; but, in nearly all soils, 
as the readily available supply is utilized, it is gradually replenished from 
less available forms. Most soils, through this mechanism, can furnish 
appreciable amounts of this element to plants year after year from their 
native supplies. This ability varies widely among soils and often is re- 
ferred to as their “potassium supplying power.” Potassium deficiency will 
develop on any soil, even though it may contain large quantities of total 
potassium, if the rate of removal by crops exceeds its “potassium supply- 
ing power.” 

Many plants will take up amounts of certain elements far in excess 
of their actual needs. This is called “luxury consumption,” an activity 
to which potassium is particularly vulnerable and a habit to which forage 
grasses often are addicted. This phenomenon has several practical impli- 
cations in the maintenance of adequate fertility levels under sods. It 
makes any build-up of reserve supplies of available potassium in such 
soils particularly difficult. Con.sequently, annual additions of this nutrient 
are needed in most situations where the requirements of the crop exceed 
the potassium supplying power of the soil. Large, infrequent applications, 
such as are often made with phosphorus on permanent type sods, are not 

likely to be very efficient in case of potassium. 

Another closely related and equally important factor is the ability of 
most forage grasses to extract potassium from the soil much more readily 
than can legumes growing with them ( 1 ) . This results, at times, in a 
legume-grass mixture in which the legume is suffering from acute potas 
sium deficiency while the grass component still is at a luxury consump- 
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Qtf. of intake of this nutrient. Maintaining levels of potassium high 
"for' r,egul: tuhou. undu.y encouraging -ce. con^ 

by the grass can be difficult wiih '=8“';’' Tmely “in legume-gras; 

mixtures', take care of the potassium needs of the legume and the grass 

“‘pJrenlii'aT forage plants, legumes as well as grasses, require rather 
continuous supplies of potassium over a long growing period. Conse- 
quently, available potassium may be high at the beginning o t 
under productive sods but become depleted to a dangerously o 

before growth ends. In such situations, with '=8™^ 
clovers usually run out of potassium, are crowded out by the still heaU y 
and vigorous grasses, and disappear so quickly that no distinctive symp- 
toms can be seen on them. At the same time, grass growth may even 
temporarily accelerated by the release of nitrogen from the dying clover^ 
Yet by the end of the season, the grasses also may be suffering rom 


of potassium. ^ 

Shortages of potassium are much more likely to start limiting gr 

of forage grasses after the growing season has been under way for a while 
than at the beginning. This is due to at least two factors; (1) Demands 
for this nutrient on the part of these plants are relatively steady through- 
out the season. That is to say, potassium needs during any one month 
are roughly proportional to growth during that month. Consequently, the 
supplies at the beginning of spring growth often are adequate for one or 
two months but become overdrawn after that time. This is likely to occur 
on any soil with a low “supplying power.” Monthly withdrawal from 
“available” simply exceeds monthly deposits from “unavailable” until 
the former is exhausted. (2) This phenomenon is coupled with release 
to available forms of potassium fixed in clays, or in primary or secondary 
minerals, that takes place over winter to some extent in most soils. 
Roots of perennial forages apparently are able to pick up some of this 
released potassium prior to initiation of above-ground growth. This pre- 
growth accumulation is believed to help explain the relative scarcity of 
potassium hunger signs or of pronounced depression of growth due to 
insufficient levels of this element in these plants at the beginning of the 


growing season. 

One rather glaring exception to the foregoing rule occurs under cold, 
wet conditions. Potassium uptake is greatly hampered in cold, water- 
logged soils and. under these conditions, rather acute potassium deficiency 
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syniptojns may develop in early spring on soils that arc able lo 
normal growth after they warm up. 



tl 


SYMPTOMS 

Potassium moves readily in plants so that the younger leaves and 
growing points usuallv draw this nutrient from the older leaves when 
ever a shortage occurs. In the larger forage grasses, such as millet, 
symptoms follow' the same general pattern as described for other laree- 
leavcd members of the grass family, such as corn. Ciood examples of this 
may be seen in plates 6 and 13. Initially, growth slows down and older 
leaves take on a yellowish streaked appearance, followed by scorching 
or firing of leaf tips and margins. This is in contrast to nitrogen starva- 
tion in w'hich damage progresses from leaf tips up the midribs, and leaf 
margins retain their green color for a while. 

In the smaller-leaved members of this group, potassium deficiency 
develops much less distinct patterns as shown in plates 9, I I, and 12 
Under some conditions, thinning of stands may be the first outward 
manifestation of the difficulty. Indications are that thinning often comes 
about as a result of the direct action of disease organisms on plants that 
have become weak and susceptible through potassium starvation. It often 
is accompanied by a speckled, diseased appearance of the remaining 
plants resulting from severe infestations by leaf and stem pathogens In 
fact, excessive damage from leaf diseases probably is the most common 
symptom of this deficiency to be found on the fine-leaved forage grasses 

Although thinning from shortage of potassuim results in sparse stands, 
the appearance of remaining plants will be different from those in s<xJs 
weakened by lack of phosphorus. As pointed out earlier, plants surviving 
phosphorus deficiency may actually develop larger, coarser appearing 
leaves than plants in dense, healthy stands. Potassium starved plants, on 
the other hand, arc likely to remain stunted with short narrow' leaves as 
in figure 6, and, in the case of bunch type grasses, in small compact 
bunches. 

Susceptibility to drought is another symptom to watch for when a 
potassium shortage is suspected in the fine-leaved grasses. Sods that are 
deficient often have the appearance of suffering from severe drought dur- 
ing midday w^hen moisture supplies arc ample for normal plants in adja- 
cent areas. 

In practice, keep in mind that inadequate levels of available potas- 
sium often result in significant reductions in growth of forage grasses 
without development of distinctive hunger signs. The range between 
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,„ax™um grow,h and acu.e deficiency 

indicaicd for nifrogen. U is large plan, in- 

praccal anil vses' and all other available aids should be 

volved. soil and plant . • • ^^gfore they reach the symp- 

utilized in anticipating potassium dehciencies betore y 

tom stage. 



Figure 6. Potassium-deficient tall fescue showing finer those of ^he normal 

Dlants in figure S Attention is called to the fact that this photo was made after new growtn 
S.. tired in .hr greenhouse. This give, rhe sr..nd . more dense appearance Uran 

actually existed in the nela. 


Unlike in most annual crops, appearance in perennial grasses of signs 
of potassium starvation does not necessarily indicate that remedial meas- 
ures will fail. Potassium application at this late stage often is very worth- 
while provided the stand itself has not been too badly depleted. 


MAGNESIUM (Mg) DEFICIENCY 

Magnesium is a part of the chlorophyl molecule and as such is essen- 
tial to the green color in plants. A shortage of this element will show 
up in the older leaves since it moves readily from the older to the 
younger tissues. Magnesium is required by plants in smaller amounts than 
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is nitrogen t N ) or potassium ( K ). but in much larger quantities than the 
so-called “trace elements." Magnesium together with calcium (Ca) and 
sulfur I S ) are often referred to as “secondary elements." This term refers 
to the relative amounts of these elements required for normal plant 
growth. They are not of secondary importance, being just as essential to 
the growth of plants as any other element. Magnesium tends to be low m 
acid soils, and lowest in sandy acid soils. This element is added to soils 
along with calcium in dolomitic limestone or in magnesium salts in 
fertiliser; it usually is lost from soils, through leaching, more rapidly than 

calcium. 

The magnesium contents of some forage grasses tend to be quite low 
in comparison with those of legumes growing in association with them 
Although magnesium deficiency has not been identified very frequently in 
these grasses in the past, this element has been receiving more attention 
in recent years. For one reason, a very serious nutritional disturbance 
in cattle and sheep sometimes occurs, called grass tetany or hypomag- 
nesaemia, which is rather generally believed to involve an imbalance in 
the ratio potassium to the total amount of calcium plus magnesium 

[ Hn some forages. Some indications have been found that grass 

VCa -I Mg/ 

tetany can be prevented by the application of magnesium to pastures. 
Although this difficulty .seems to occur under several different scu i>f 
circumstances, one of the more critical conditions appears on highly 
fertilized, grass-dominant sods. Concern about grass tetany has ftKiised 
considerable attention upon the magnesium contents of forages, and hav 
resulted in the finding of rather low amounts of this element in many 

soils ( 32 ) . 

The incidence of magnesium deficiency probably will increase in 
certain areas as the use of grass dominant or pure grass stands, liberally 
fertilized with nitrogen, becomes more general. More plentiful supplies 
of nitrogen fertilizers and more efficient varieties of grass are making 
this practice increasingly attractive. At least tw'o factors in this system 
will increase the pressure on soil magnesium unless they are taken into 
account: ( 1 ) High yields of forage will remove considerable quantities 
of this element, and will necessitate more frequent additions on soils low 
in magnesium. ( 2 ) Since most sources of fertilizer nitrogen are acid form- 
ing, use of higher rates of nitrogen (N) will lower soil reactions (pHi 
and tend to accelerate depletion of supplies of magnesium. Consequently, 
steps should be taken to guard against magnesium deficiency, particularly 
where large yields of forage grasses are produced on acid, sandy soils, as 
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Strong suspicions are 
livestock health may 


with Coastal Bermuda in the southeastern states, 
developing that magnesium deficiency affecting 
occur on many acid soils. 

SYMPTOMS 

Magnesium deficiency in the larger-leaved grasses starts with a stunt- 
ing and yellowing of the older leaves. As this symptom progresses, a defi- 
1,1 striping effi. occurs. Green or yellowish green s.r.pes aUernaung 
with yellow to whitish stripes run the full length of the leaves. 

in .he snraller leaved grasses, .his s.riped effec. is less o 

wWle 'in sod forming grasses .his occurs firs. “ /'-^ular P^ches o 
Streaks of stunted grass with varying amounts of leaves sho g 
bleaching. Thinning of stands in and around these patches soon is appar- 
ent. An example of this in a fine-leaved, sod-formmg grass is shown m 
plate 14. Winter injury is aggravated by magnesium deficiency^ 
spots or streaks in sods of species that are subject to this type of damage 
may develop over winter and loss of chlorophyll from some of the remain- 
ing plant leaves mav show up the following summer (35). 

Application of corrective measures on magnesium deficient forage 
grasses after symptoms appear often is worthwhile. This is particularly 
frue of sod forming grasses since they fill in weak spots readily when 
properly treated. Ordinarily, dolomitic limestone is used to supply 
magnesium to forages but where deficiency symptoms already have 
developed, faster acting soluble magnesium salts usually are a desirable 

supplement. 


CALCIUM (Ca) DEFICIENCY 

Calcium, an essential part of cell walls, is involved in the translocation 
of foods within plants, affects the availability of other nutrients, acts as 
a neutralizing agent on toxic substances formed within plants, and plays 
numerous other less well understood roles (19). In forage grasses, it is, 
Qf course, important to the nutrition of animals consuming the plants. 
This element is taken up by forage grasses in considerable quantities 
(see listing) and “lime response” in some cases probably is due in part 
to the supplying of calcium as a nutrient. However, this element is added 
to soils in limestone, superphosphate, and in some other fertilizer 
materials. Consequently, in most soils it apparently is present in sufficient 
quantities to prevent development of recognizable deficiency symptoms 
before the effects of other deficiencies or unhealthy conditions such as 
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low soil pH come into play. Probably for this reason, calcium deficiency 
under field conditions has not been reported on forage grasses. 

Though less sensitive than most legumes, grass plants respond to appli- 
cations of liming materials. In such instances, no clear-cut symptoms 
appear. Prior to liming, the grasses may be lighter green in color than 
usual and growth may be somewhat retarded (2). Perhaps this condition 
should be termed “lime deficiency” rather than “calcium deficiency.” 
Correction of this symptom by application of limestone may involve any 
or all of the several direct and indirect effects attributable to liming. 

SULFUR (S) DEFICIENCY 

Sulfur, as a constituent of certain proteins, is a vital element in the 
growth of forage grasses. Well-drained soils contain sulfur primarily in 
organic matter. They receive additions of this nutrient through sulfur- 
containing fertilizers, decomposition of plant materials, and from sulfur- 
bearing gases in the atmosphere brought down in rain or snow. The 
amounts contributed in precipitation vary widely, from as much as 100 
pounds per acre per year in some heavily populated industrial regions to 

less than 5 pounds in some sparsely settled areas. 

Sulfur is not “built up” to any extent in most well drained soils except 

as organic matter is accumulated. Consequently, low organic matter 
soils usually do not retain very much of this element very long, even 
though they may have received large quantities in the past from such 
materials as superphosphate. However, appreciable amounts of sulfur 
may accumulate as sulfate in the acid subsoils of some of the soils of the 
southeastern states, but the sulfate in this case is held much less firmly 

than phosphate ( 1 2, 13). 

Sulfur is required by forage grasses in fairly small amounts relative 
to nitrogen, roughly 10 to 1 (30). Sulfur deficiency has not been identi- 
fied in these plants very frequently in the past. However, under some 
situations sulfur has become extremely limiting to the growth of forage 
grasses ( 1 4, 21 ) . These conditions are found in areas where soils are low- 
in organic matter, little sulfur has been added in fertilizer materials, and 
only limited amounts are brought down in precipitation. One or more 
of these conditions .seem to apply in fairly large areas in t e aci c 
Northwest, parts of South America, and probably many other P 
As the trend to higher analysis fertilizers continues, with less ot tnis 
nutrient applied incidental to fertilization, more widespread occurrence 
of sulfur deficiency may be expected. As long as they can o tarn su 
cient nitrogen, forage grasses apparently can take up su ur a 


201 


nutrient deficiencies in forage grasses 

,h- tofil exclusion of clovers grouing in associiition sxith them. Where 
this ekmient is in limited supply, the grasses in a clover-grass mi.xturc 
Ilav sulfur, us i. becomes available, lo ,he e.stem ll.at mtr.u 

cen' iWalion i” I'"- eloser nodules decimes or ceases '“S'-' dirL-lIv 
.-h situations the productivity of the mixture will then bv direu y 

HnVited bv nitrogen supplv and only indirectly by lack ot sullur. Wrobab y 
lr.e desre" of sulfur deiieiency is far more uidespread in forage grasses 

ihun is gcrvcrully 

SYMPTOMS 

The milder forms of sulfur deficiency in forage grasses are difficu 
if not impossible to identify visually. A check for growth response to 
sulfur application is the easiest and surest procedure vs here a shortage 
of this element is suspected. Where sulfur is limiting, application of this 
nutrient usually will bring ab.mt improvements in grass color and growth 

w'ithin a few weeks. 

Sulfur detkienev has been identitied on several forage grasses growing 
in pure stands t 1 - 1 . ). Initially the leaves become pale green, a symp- 

tom usually not distinguishable from the early stages of nitrogen defi- 
ciency. As the condition becomes m«'re acute, however, affected plants 
develop a pattern quite different from those suffering from nitrogen 
shortage. Apparently, simic movement of this clement occurs from older 
to younger tissues but this usually is slower than with nitrogen. The 
result is that young leaves are often more severely affected and may 
become chlorotic before older leaves, as shown in plate and to a 
lesser degree in plate lb. The older leaves tend to remain alive for a lime, 
rather than to rapidly wither away as in nitrogen deficiency. 

A deficiency of this nutrient can be corrected rather quickly by appli- 
cation of any of several materials containing sulfur. C aleium sulfate, 
elemental sulfur, and sulfur bearing sources «>f nitrogen, phosphorus, 
and potassium arc the ones in most general use. .Applied sulfur gradually 
is lost from soils through leaching VK here conditions conducive to sulfur 
deficiency in frvragc grasses exist, ap^tlications of this clement arc likely 

to be needed from lime U'» lime. 


COPPER iCu) DEFICIENCY 

funclions in pUint growth •.in cn/\me iicliNulor, or 3 p*irl 
of cerltiin cn/vmes. and is imporuinl in ihc ulili/iition of pri'icins. 

Although ihe mechanisms involved are not well understood, copper 
is strongly held in soils. Availahilils of this element to plants is affected 
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by soil reaction; it is least available in a pH range ot 7 to X and intreaKo 
in availability as the M»il becomes more acid. Quantity of organic matter 
and kind and amount of clay minerals present in a soil materially affect 
its copper availability. Copper frequently is found to be deficient in plants 
grown on peat and muck, soils high in organic matter. 

Acute deticicncies of this element have been rep<irted in forage grasses 
in the f-lorida Everglades (7). Pangola. St. Augustine, and annual rye 
grass, all three, responded to copper additions. Pangola was quite sensi- 
tive to low levels of copper and was replaced within a few months on un 
treated areas by common Bermudagrass. St. Augustine was much more 
tolerant, as was paragrass. Bermuda. St. Augustine, and paragrasscs were 
found to be capable of producing acceptable growth at copper levels 
so low as to produce copper deficiency in animals consuming them 
Annual ryegrass was more susceptible than St. Augustine, but more 
tolerant than oats (X). Apparently, oats and wheat would be good indi- 
cator crops in anticipating copper deficiency in forage grasses. 


SYMPTOMS 

This element apparently is quite immobile within the plant and there- 
fore is not redistributed from older to younger tissues. Consequently, the 
younger leaf tips and growing points are the first affected. In grasses 
entire plants become stunted and yellow in color, followed by necrosis 
(dying) of growing points and the tips of the younger leaves (see plate 

'^Reports of copper deficiency in forage grasses appear to be confined 
to soils high in organic matter. However, responses to this nutrient have 
been made by other members of the grass family, such as small grains. 
(16 ) grown on mineral soils, low in organic matter. This suggests that 
copper responses may be expected to turn up eventually in forage gravsc^ 

on other soils. . • / ^ 

Copper deficiency may be corrected by the application of any ot 

several materials containing this nutrient, copper sulfate being the one 
most often used. Copper in excessive amounts is toxic, and caution shou 
be exercised in applying it to soils. Copper additions to soils usuahy 
produce strong residual effects and copper toxicity can be more trouble- 
some than copper deficiency. 

Since movement of copper in many soils is very restricte . is 
treatments may be more desirable than surface applications in prepa 

tion for growing perennial grasses. 


nutrient deficiencies in forage grasses 
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manganese (Mn) DEFICIENCY 

Mantano-c i- involvaj « ill. ir.m in llK .v n.lu■si^ 

.he n,ain,ena„cc o, proper , i:;;,:;' ’ ron" co prulnris 

In their conductive tissues. Manganese es.sts m so.ls n - ; 

different forms, the particular form being ^ _ 

reaction. Mamianese solubilits is favored by acid soils having pH below 

h and the element lends to shift to insoluble forms as the pH rises a ove 

this point. The less acid soils tend to retain larger amounts of this elemen 

with little of it in available form. The more acid soils, on the other han . 

arc likelv to be low in total manganese due to leaching of soluble forms. 

Most soils are able, however, to maintain a rather low but adeeiuate 

supplv of this element in a form available to plants. However, when t te* 

pH of a stronelv acid soil is raised above b bv liming, or of an organic 

soil bv burning, manganese dcllcicncv is likelv to occur. The small anmunl 

of this element present is rendered insoluble by the sharp rise in p ■ ^ 

most frequent occurrence of manganese deficiency is on soils of this kind 

that have been "overlimcd." 

SYMPTOMS 

Maneanese dcficiencv in perennial ryegrass, annual ryegrass, orchard- 
grass. and timothv has been described by WaMi (.Ml. .Symptoms include 
chlorosis of the Viiunger leaves, with yellow -green spots on the older 
leaves and withering of leaf lips. Ciray specks of dead tissue appear 
between leaf veins, merging lengthwise to form bands parallel to the 
veins, l.ater lhe^e bands m.iy join acri>ss the leaf resulting in withering 

and downward bending ot the lip portion. 

Manganese dcliciencv has not been widely identilied on forage grasses. 

Hviwever. indications are that some species and strains may be susceptible 
as the I’at plant. Since ‘gray speck disease, as manganese dcRciency is 
called in oats, is not extremely unusual, low levels ol this element prob- 
ablv limit the erowth v>l some forage grasses more often than is presently 

Ih « 



ZINC (Znl DEFICIENCY 

7anc is essential in the formation of grow th prtmioiing and growth 
reculaline compounds in plants Consequently, a dclicieiicy tff this 
element results in structural .ibnomtaliiies within them t. iintmiicd 
enlargement rather than division may result in ovcrsi/c. oddly shaped 
cells, with many air spates among them in various plant parts 
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Deficiencies of zinc occur in plants growing in a very wide range of 
soils. This is because the deficiency results from a low' total amount of zinc 
in some soils, but more often of low availability of the soil zinc. 
Most soils actually contain ample quantities of this element, which may 
or may not be available due to any of a rather wide variety of reasons. 

Zinc availability is affected by soil reaction, being highest at the lower 
pH values, low' in the range between 5.5 and 7.0, and somewhat unpre- 
dictable above pH 7.0. Zinc availability may be depressed by high soil 
phosphorus, addition of liming materials, presence of free lime in the 
soil and by a number of other soil conditions. The ability to bind zinc 
in unavailable form is so strong in some soils that deficiencies in plants 
grown on them are best corrected by direct application of zinc 

sprays (24). 

SYMPTOMS 


Forage grasses in general do not appear to be very sensitive to levels 
of soil zinc. How'ever, zinc hunger signs are fairly common in some 
members of the grass family. "White bud" in corn is due to lack of this 
element and its occurrence has been reported on acid mineral soils in a 

number of areas. 

Sudan grass, an annual forage plant, appears to have somewhat the 
same susceptibility to zinc deficiency as corn. Quite probably, a deficiency 
of this element w ill be found to limit growth of other forage grasses. This 
is most likely to occur in areas where other, more sensitive crops, have 

exhibited zinc hunger. 

Symptoms in the larger leaved grasses, such as Sudan, develop with 
the appearance of light yellow streaks between the veins of the older 
leaves ( 29 ) sometimes accompanied by reddening of leaf sheaths and 
blades ( '>5 ) . White spots may appear on the leaves and some small areas 
may never develop chlorophyl. N oting bud leaves may become practically 

white in extreme cases. r ■ ui • . w- 

Zinc deficiency may be corrected by applications of soluble zinc sal s. 

such as zinc sulfate. Zinc chelates are used on soils with high zinc-fixing 

capacities, or foliar sprays containing zinc sulfate may be applied. 

Chelates arc complex organic compounds with metal ions attache . roin 

w'hich the metal is readily available to plants. 


MOLYBDENUM (Mo) DEFICIENCY 

Molybdenum is of particular interest in lorage production on two 
counts: ( 1 ) It is essentia! in the nitrogen fixing process in legumes, w er 
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while grasses in general require fairly low amounts (23). Boron defi- 
ciency has been reported in one member of the grass fam.ly, corn (16), 
but apparently it seldom if ever occurs in forage grasses under field cond,- 
uL It not infrequently affects these plants indirectly through assoc, ated 

'^®Zon is quite immobile in plants, a characteristic which causes defi- 
ciency symptoms to develop first in the younger leaves and at growing 
Snts BoL deficiency usually results in plants with shortened inter- 
Tdes in their upper parts and some form of chlorosis in their younger 

‘“BOTOn should be applied to soils with caution since this element accu- 
mulates in clay subsoils and can be extremely toxic to plants. 

IRON (Fe) DEFICIENCY 

Iron is an essential element in the growth of plants. It is involved with 
manLese in the formation of chlorophyll, and a deficiency of this ele- 
S usually is reflected in a decrease in the chlorophyll of leafy plan, 
Growth This results in a lighter color of the interwemal areas of the 
younger leaves, which change to yellow as the deficiency advances. 

^ Iro^n deficiency occurs in plants grown on calcareous or heavi y limed 
soils where it is called "lime-induced chlorosis and also in p ants grown 
L add soils particularly those which prefer acid conditions. Iron is difii- 
°"w to supply in a form available to plants in soils where a deficiency 

tprays Sten has bJn necessary. More recently iron chelates are coming 

” FortunaldJ; at present, forage grasses very rarely appear to suHer 

from iron deficiency. 

guide to the occurrence of nutrient deficiencies in the forage grasses 
Due to the wide variability encompassed, this 

“bul “on Lrnnded as a general guide to the probable occurrence of the 
respective deficiencies may be found helpful ; 
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Plate 1. 


Earlv stages of nitrogen deficiency in voting pearl millet 

and pale creen color of >oung leaves 


Note firing of older leaves 



Plate 2 Acute nitrogen deficiency in pearl millet. Plants in center received no fertilizer nitrogen 
while plot to left received 100 pounds of nitrogen per acre 3 weeks prior to photo. 
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Oiwr/<’5r t>f S. C. AsricuUnral Experiment Station 


Plate 3. Nitrogen deficiency in established Coastal Bermudagrass. Note thin, pale green to 
yellowish sod in the center, in contrast to dark green and rank growth of nitrogen fertilized 

plot to the left. 



Plate 4. Phosphorus deficiency on Johnson grass. Note red to purple 

and slender fragile appearance of the plant. 


coloration of older leaves 
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Plate 5. Phosphor, deficiency on 

green from .he righ't are from plants with adequate phosphorus. 


Plate 6. Potassium deficiency 
on pearl millet. Note firing 
of tips and margins of older 
leaves, areas along the mid- 
ribs remaining green. Young- 
est leaf next to head has 
normal green color. 



Courtesy of F. //. Bailey. American Potash Insiiiute 
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n.iic " 
dcning 


I’hosphoriis Jcftcicnl orcharvigra^s sccJling. approximalch twice actual si/e. Note rcd- 
o! sheath ot hn\cr IcaNcs. fu ing of upper portu'n of oKIcnI leaf. Jarkcr green color and 
stunted appe.irance when cimiparcd with normal ^eedling in plate X. 









Plato V. Polash-Jeficicnt timothy. The per acre 'per' vear' The phosphorus 

inadequate under appearance and stunted growth in comparison to 

supply was adequate. Note i„ p,a,e 10. 



C oitrtew f>' r. .s Hrtuxii. I nivrrsHy of Muinc 


Plate 10. Normal timothy. Received same nitrogen and phosphorus application as plot in plate 

9- but three times as much potassium. 
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I’latc II. (.uincagrass. I'olassiumtlcficicnl plot in foreground, healthy plants in haagroiind 

Note tiring or rusting of older leaves of deficient plants. 



Courie^Y nf's. c. /, tpenment 


Plate 12 


Potassium deficiency in Coastal Bermudagrass. Note browning of lower leaves and 

generally weak, rusty appearance of the sod. 


214 






Plate 13. Potassium-de- 
ficient Johnson grass. 
Note firing of tips and 
margins of leaves with 
areas along mid-rib re- 
maining green. 


Plate 14. Magnesium de- 
ficiency in established 
Coastal Bermudagrass. 
Note extreme chlorosis 
and dwarfing in a spot 
near the center of the 
picture, surrounded by a 
larger area of stunted, 
thin growth. 
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k'?'!:.' 

.1 /:.vr,.ri,m-„r S,a,io,. 

. ,. . . N„,e >,p;irsc yrovMh. -slow spreading, and slight 

Plate 17. ( oppcr-dehe.eni soil. Topical of many coppcr-dcficient areas. 

^Te"s^;;?ant"iie^^ in « few months. 
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"* - roHr/oy o/ H'. T. Forjt-e. Jr., Florida AKricuhural Experimeni Station 

Plate 18. Pangolagrass receiving .SO pounds per acre of copper sulfate. Note darker green color 

and greativ increased vigor in contrast to untreated plot above. 
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Courttwv of P. E. Baker, Vennsyh'iwui AKricuiturol LxperimetU Station 


Plate 19. Magnesium deficiency symptoms on orchardgrass. Top left 

supply (plant content 0.30^f dry wt.); center— adequate magnesium followed , 

magnesium (plant content 0.04 'r of dry wt.); right-plant grown 

(plant content 0.03% of dry wt.). Bottom left— Leaves from normal and P'®" ’ , • ^t) 

rieht— Portions of leaf blades from magnesium-deficient plant (lelt). and normal pla ( g 
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Nutrient Deficiencies in the Potato 


By G. V. C. Houghland 


rpHE WHITE or Irish potato is adapted to a 

1 climatic conditions. In the United States ,t thrives Irom J; 

lower Rio Grande Valley of Texas, and from the .Vtlanlic to 
coast (Hgure 1). Important commercial-producing districts, P'vsc g 
a wide variety of gro\Mh conditions, are located at high and low altitudes 
and in humid and semi-arid regions. In these districts ciops arc groun 
with different lengths of daylight, under sunlight of different qualities 
and intensities, and on soils that vary uidely in texture and in natural 
fertilitv. To each environmental intUience the potato plant respon s in a 
somew hat different manner. Deliciencx symptoms due to the lack ot one* or 
more than one element are not always the same under all conditions, but 
certain abnormalities seem to be characteristic, and these uiH be given 

consideration. 

The needs of the potato for different nutrient elements arc about the 
same as those of other crop plants, but this does not necessarily imply 
that the potato requires a given element in the same quantity or at the 
same time as other plants. The poliito may not have .is big a need li r 
certain elements as other crops. I \'r example, some crops, including 
celery, cauliflower, turnips, and sugtir beets, appear to be much more 

susceptible to boron deficiency thun i'^ the potuto. 

Conjectures often are made about the soil conditions responsible for 
nutrient deficiencies, but the forces at work are apt to be so insidious 
that the critical sta^c ot a crop disturbance may not manifest itself deti 
nitelv for some time. For example, when magnesium deficiency began 
to develop in a number import^inl potatc^-pn’iducing sections along 
the Atlantic Seaboard, the supply of available magnesium in the soil 
was almost exhausted before definite sympliMUs of magnesium deficiency 

• G V. C. HrTuphlanti is plant phv . Crops Rcscarclt Dtsininn. Agru till ur.il Rcsc.irvh Servur. 
l.l S. Department of Aj!Tituli iirc. licltsvillc, M.irsl.md The orii:in.il chapter i-n thi'k xubjcct, .mi! that in 
the 1949 Cililion. v^crc prepared ti>inily bv H. A Jones. Head Morn*. iillur ixi . .m*.! 11 r Bro^^n. Senit'r 
Uinchemisi in the U S. Department of Ag-riculturc. tn c . .niundion sMth the pre-.cnt author 
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were generally observed. The continued use of certain fertilizers tended 
to increase soil acidity, and the trouble spread rapidly. After considerable 
experimental work, the remedy was found to be the addition ot niag- 
ncsium compounds with the fertilizer mixture or directly to the soil. Com- 
bining magnesium compounds u ith the fertilizer mixture gave a quicker 
elTec-rand insured a supply of magnesium for the young potato plants. 

The writer has been unable to find a single case reported in the United 
States of a deficiency of boron, calcium, or copper which has affected 
the potato when grown in the field. However, salts containing these 
elements have been applied to potato soils in this country with results dif- 
fering from little to no response, and in a few cases actually causing de- 
pressions in growth and yield (3, 11, 12, 13, 15, 16, 21, 22, 24, 25. 
26 29 ) .* Manganese deficiency has been reported in naturally calcareous 
or overlimed soils because under such conditions this element is made 
comparatively unavailable for use by plants ( 1 0 ). Other elements— boron 

and zinc are reported to be affected similarly by an excess of calcium 

carbonate (23). Potato soils in the East, however, are generally acid in 
reaction, and perhaps this is why boron, copper, and zinc deficiencies 
arc not problems. For the same reason iron and manganese present no 
problems. In the more detailed discussion to follow, no reference has 
been made to aluminum, molybdenum, and a number of other so-called 
minor elements because no evidence at the present time indicates that 
they are deficient in potato soils. The time may come, however, when 
an element not now established as essential may turn out to be a vital 

factor in potato production. 

When the plants are grown under controlled conditions in sand and 
solution cultures, descriptions of deficiency symptoms observed by var- 
Lestigators are in much better agreement. These artificially pro- 
duced symptoms help to point the way to a finer differentiation o e 
ciency symptoms when they occur under field conditions. 


NITROGEN (N) DEFICIENCY 

A deficiency of available nitrogen is a distinctly limiting factor in the 
orowth of the potato plant— perhaps more generally so than a deficienc) 
of any other essential element. Some source of nitrogen— manure, com- 
mercial fertilizer, green-manure crops, or a combination o t ese is 
almost always utilized in commercial potato production, except po-ss . 
on organic soils, such as muck and peat. 


• Refers to references 


listed at end ol this chapter. 


nutrient 


deficiencies in the potato 
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Finure 1 Healthy potato vines free from any nutrient deficiency (top) Healthy foliage 
„„J g,„w,h. “d di.,“ i,h u'eAciddcy 

vines responsible for such a yielU as tnis receiveu a cu 

of anv nutrient element (bottom). 


In Virginia an acre of potato plants (during the first 50 days after 
planting utilized less than 7 pounds of nitrogen as measured in the growth 
above ground, during .he next iO-day period absorption of nitrogen 
averaged 1 pound a day. and during the next 20-day period it average 
2 pounds a day. After about the eightieth day, when growth above ground 
had practically .stopped, a gradual transfer of nitrogen from the foliage 

to the developing tubers occurred (6). 

The reaction of the potato to nitrogen deficiency is similar to that of 
many other crops. The growth of the entire plant is restricted in ac- 
cordance with the extent of the deficiency (plate 1), and this stunted 
condition is reflected in reduced yields and poor quality tubers. The plant 
takes on a light-green to yellowish-green color. In advanced stages, the 
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margins of the lower leaflets lose their chlorophyll, the color fading to a 
pale yellow (plate 1. lower right), and shedding of some foliage usually 

results. 

Nitrogen deficiency usually is associated with sandy soils that are low 
in organic matter and acid enough to restrict growth of the bacteria re- 
sponsible for nitrification. A fertilizer practice that fails to offset nitrogen 
losses from the soil, as a rule, ultimately results in acute nitrogen defi- 
ciency. Preventive measures include liming to control soil reaction, 
adding organic matter in the form of manure, composts and green ma- 
nuresrand using commercial fertilizer at the proper time and rate to 
provide an ample supply of available nitrogen. 


PHOSPHORUS (P) DEFICIENCY 

Phosphorus absorption rates during the growing season correspond 
closely to those of nitrogen, but the greatest amount of phosphorus ab- 
sorbed is about one-sixth that of nitrogen in Virginia (6) and one-twelfth 
that of nitrogen in Maine ( 14). At the time the plants reach full growth, 
50 to 75 percent or more of the phosphorus in the tops has been con- 
ducted to the developing tubers (6, 14. 18). A supply of phosphorus 
which is inadequate generally causes pronounced growth reactions (plate 
3). The plants are smaller than normal, somewhat spindling, and defi- 
nitely retarded in growth — particularly terminal growth — during the 

early stage of development. 

Potato plants grown on phophorus deficient soil may produce tubers 
with rusty-brown lesions in the flesh in the form of isolated flecks. Some- 
times they are joined together to produce larger discolored areas forming 
radial patterns — ^streaks running out from a center. Usually no external 
distinction develops betw'een normal and affected tubers, but w'hen the 
latter are boiled, the flecks remain hard brown masses in the softened 
tissue. Brown flecks in the flesh of potato tubers may be due to other 
causes besides phosphorus deficiency; for example, they may be caused 

by a virus disease, or heat or frost injury. 

When potato plants are grown in sand or solution cultures with so- 
lutions deficient in phosphorus ( plate 2 ). the leafstalks ( petioles), leaflets 
and their margins turn upward. The leaflets are smaller and darker than 
normal, and the plants are somewhat rigid (17. 18, 28). 

Phosphorus deficiency occurs on a wide range of soil types — on heavy 
.soils because of fixation, which makes the phosphorus unavailable; on 
light soils because of naturally low phosphorus content; and on both 
types because of crop removal. Lack of available phosphorus may be re 
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fleeted more in low yields and poor quality than in distinct.ve fo.lage 
.^mptoms. but the latter will develop where continuous cropping . 
practiced without adequate phosphorus applications. 

POTASSIUM (K) DEFICIENCY 

The potato plant must have a continuous ^'Upply of 
normal growth. Where a deficiency e.xists growth of the plant fir.t 



Courtesy of Crop^ Research niMsum. .1i.n Serv.. V S Pept. of AMn. 

Figure 2. Potato plant grown in solution culture without potash. The leaves show marked 

symptoms of potassium deficiency. 

retarded and rinally completely checked; the internodes are somewhat 
shortened, which gives the plant a compact appearance. 

The leaves iire reduced in si/e, due to a narrow arrangement of the 
leaflets, which form sharper angles with leaf petioles and become crinkled 

and curve downw^ard. 

Early appearance of abnormally dark green foliage is one of the most 
dependable signs of potassium hunger. Then the older leaves become 
Yellowish, and a brown or bronze color develops, starting from tips and 
edges and gradually affecting entire leaves, which finally die (plate 4, 
top). In a single plant this bronzing is not so striking, but it is quite 
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prominent in mass cn'ccl. Under certain light conditions a distinct purplish 
cast is apparent. number of the lower leaves may dry up at the same 
time, leaving a tuft of dark-green leaves at the apex, or top. of the plant. 

Eventually, the entire plant dies (figure 

Sand cultures also have been used in studying potassium deficiency 
svmptoms of the potato, and the responses reported are similar to those 
described for plants growing in the field (28). The leaves, leaflets, and 
leaflet mareins bend d«.iwnward. The color of the leaves changes from 



rigiirc 

rule ot 


Diinni: Worlil War 1 
I ton per acre; rows, on 
plants u here no 


>i>tash became scarce. Rows on left received 5-10-0 at 
ipht. 4 S-4 at tlie same rale. Much earlier collapse of 
otash was in the miviure is ver> evident. 


a normal healtliy green to a dark green and afterwards to a peeu lar 
bron/e or vellou. beginning with the oldest leaves. Symptoms on t e 
lower leaves ma\ be pronounced wliile the tops of the plants still have a 
normal tippearance ( Lire 2 ) . fhe diseased tissue of the leaves protrude.^ 
slr.„iflv iho vdns. Ii. -o.vro Ihc lc,,f margins break down, 

•md ili.foloicJ aie.ie .ippear on varioii. p.in. of lire Mcnis and 
The tuber stolons are slunter than iiorm.il and the roots an tu i-is - 

poorlv de\eloped. . 

'l iekls decrease picpoi t.onally .o the shortage of 
In the United St.ites the area most generally .illeeted is I lai ynU '• 
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of the Appalachian Mountains, particularly the sandy soils '’"he A.lanuc 
Coast States. Deficiency symptoms have been noted as at " ' 

took County. Maine, being more prominent t Kre ^ 

Caribou soil. In general, deficiency occurs on lig sa . j ’ 

nature and mucks and peats. Some heavy soils high tn '<''•>' ?»««' • 

however, are too low in available potassium to satisfy J 

lato cron which requires from 100 to 200 pounds of potash per acre. 
Du°ing World War I. when supplies of potash fertiliser became very 

low deficiencies became serious (figure 3). 

Fortunatelv. quantities of potassium salts in this country 
sufficient to remove any fear of serious crop reduction from potash hu 

Obviously, the remedy for potassium deficiency as it affects the potato 
is to utilize any available manure or fertilizer containing sufficient avail 

able potassium. 


MAGNESIUM (Mg) DEFICIENCY 

Magnesium deficiency symptoms on potatoes have been reported from 
practtally all of the potato districts of the Atlantic Coastal Plain and as 

far north as Aroostook County. Maine. 

The foliage of affected plants is lighter in color than it should be. The 

lower leaves are the first to become affected, since some of the magnesium 
is withdrawn to be used by new growth. In mild casts, only the lower 
leaves of the plants show symptoms, while the new' growth appears 
healthy. Loss of green color begins at the tips and margins of the lower- 
most leaves and progresses between the veins toward the centers of the 
leaflets. In advanced stages of deficiency the central portions of the indi- 
vidual leaflets become chlorotic between the veins and eventually are filled 
w'ith small brown dead areas. Breakdow’n of tissue, like loss of color, 
usually starts at the tips of the leaves, and terminal leaflets generally are 
the ones most severely affected. The lower leaves of magnesium deficient 
plants are brittle, which serves to distinguish them from leaves yellowing 

naturally through age. 

In a severe case nearly the entire leaf area is affected and all of the 
plant, e.xcept the terminal growth, is involved. Such plants have a very 
marked chlorotic and stunted appearance and some of their lower leaves 
roll upward. Their leaflets become thick and brittle and show’ a definite 
bulging between the veins. These symptoms seem to be more conspicuous 
after a warm, dry spell when the potato plants are 8 to 10 inches tall. 
Finally, the chlorotic leaves die. turn brown, and often drop off ( plate 5 ) . 
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In Holland, when the potato variety. President, was grown under con- 
trolled conditions in glass sand in the absence of ntagncsiuin. the symp- 
toms were more severe but similar to those observed in the field (2K). 
Chlorosis developed at the tips of the lowermost leaves, then advanced 
along the margins and between the veins until the entire leaf was involved. 
The terminal leaflet was attacked first, then the other leaflets. C hlorosis 
progressed from the lowermost leaves upw'ard. and in severe cases the 
chlorotic tissue was almost pure white and protruded upward, while the 
tips and margins of the diseased leaflets bent downward. Growth of nxits 
and tubers also was checked. In the presence of excess nitrogen, symp- 
toms were still more severe. . . .. 

Magnesium deficiency in potatoes is associated with a combination of 
very low magnesium, rather low calcium, and relatively high nitrogen 
content in the lower leaves. In normal aging, the lower leaves have a 
hi^h content of magnesium and calcium but are low in nitrogen (bi. In- 
vestigations in Virginia have shown that symptoms of magnesium defi- 
ciency do not appear in plants containing over 0.4 percent of magnesium 
oxide; but, under conditions of excessive rainfall during the early months 
of the growing season, coupled with the heavy use of acid-forming ferti- 
lizer, magnesium is liable to become a limiting factor on even the most 

fertile types of potato soil (7). 

Results of experiments in Aroostook County, Maine, have shown that 
the so-called “potato sickness” prevalent in that district and specifically 
associated with magnesium deficiency may be effectively controlled by 
applying a magnesium compound to the soil. Substantial increases in 
yields of Green Mountains and Irish Cobblers were obtained by incor 
porating magnesium sulfate at rates equivalent to 30 pounds of mag- 
nesium oxide (MgO) per acre with ordinary potato fertilizer ( 8. 9 ). or in 
spray mixtures ( 2 ) , particularly in fields where severe chlorosis developed 
sLrtly after the emergence of the plants. Deficient plants sprayed 
with magnesium bordeaux showed recovery m new growth, lived long . 

and yielded more. In one test, the yield from the use of 

deaux was 96 bushels per acre more than the yield in adjacen p ^ 

sprayed with high-calcium bordeaux. On less deficient soil ^e w 

field, the yield was increased only 38 bushels per acre, n an • 

the magnesium bordeaux increased yields 133 percent on 

and 1 1 percent on better soil. These results suggest that some of the sp 

stimulation reported in the past may have been ^ ,^ 1 ,. 

magnesium by the plants from magnesium lime m the b 

tures used. 


NUTRIENT DEFICIENCIES IN THE POTATO 


227 


Macnesium delidency generally occurs in highly 

no. ne'cessarily conhned .Chose .ha, - f team in 
hnvp hppn obscrV'Cd on soils of hi^n tcrtili - _ 

Arooslook Counly. Heavy applica.ions of acid-forming 
ticularlv those containing certain nitrogenous materials base increa ^ 
the solubility of the magnesium compounds, which subsequent y were 
Lchcd away from .he feeding range of .he young po.a.o P 

Practical remedies for magnesium deficiency consist of light applica- 
tions odoiri.ic limestone made directly to the soil; introduction of 
magnesium sulfate, generally a calcined form, into <he 

of enough dolomitic limestone to the fertilizer 

or a combination of two or more of these measures ( -0 ) . Foil g . p y- 
of maanesium bordeaux. or of a 2 to 3 percent solution of magnesium 
sulfate! are quick-acting remedies, but soil applications produce more 

lasting effects. 


CALCIUM (Co) DEFICIENCY 

Though only about one-fourth as much calcium as potassium is used 
by the potato plant, calcium plays an important part in the plant’s de- 
velopment besides creating a favorable soil environment for growth (6). 
Calcium has an indirect effect on the growth of the plant by altering the 
availability of certain nutrients and preventing the toxic effects of others. 

Potatoes grow well in acid soils at pH values between 4.8 and 5.5. 
When the soil is more acid than this, unfavorable conditions develop, 
such as aluminum toxicity and phosphate fixation. Soils less acid may 
prove favorable for the growth of the scab organism; though yields may 
not be reduced, scabby tubers are undesirable for market and w hole crops 

even may be valueless. 

The intake of calcium into the aerial portion of the potato plant is 
continuous, and the amount present reaches its peak at maturity. Very 
little appears to be removed from the older portions of the plant to the 
developing buds and shoots, and for this reason a continuous supply of 
available calcium from the soil to the growing regions is necessary if de- 
ficiencies are not to occur. Also, transfer of calcium from aerial portions 
to developing tubers seems to be negligible (19). Studies in Virginia 
show that only about 7 percent of all the calcium absorbed by the plant 

is located in the tubers. 

One might expect to find calcium deficiency symptoms in potatoes in 
regions where acid soils and heavy rainfall prevail. However, such symp- 
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,oms have not been reported, therefore reference to calciun. deficiency 
symptoms induced artificially is necessary I plate 61- 
Delieiency symptoms on potato p ants gros n 
limited ealcium are characteristic and pronounced 128). First, a hght- 
green band appears along the margins of the young leaves of the termirral 
bud The tissue in these light-colored areas may be killed; consequently, 
the leaves do not develop normally and often have a wrink ed appear- 
ance In severe cases the young leaves at the top of the plar^t remain 
JoTded and later the tip dies. The axillary growth which develops later 
r^ay show the same symptoms as did the young leaves of the terminal 

’’In the medullary or pith regions of the tubers, dead spo|s develop; these 
areas show first as diffuse brown discolorations within the vascular rag 
Tthe stem end of the tubers. These symptoms may show up m tubers 
?rom plants that had healthy looking foliage, an indication that when ca - 
dZ Lcomes deficient late in the life of the plant the effect ,s primarily 
on The tuber, there being very little or no transfer of calcium from the 
Zial portions of the plant to the tubers to take care of the deficiency. 

Thus a continuous supply of calcium must he available as ong as new 
nraans are being formed and new tissues are being develope . 

Calcium deficiency usually develops later in the growth of the plant 
than magnesium deficiency owing to differences in solubility and each.ng 
of the respective compounds. Potatoes growing on light sandy soils which 
are more^nearly devoid of calcium compounds than heavier soils, gen- 
e ally suffer first. Obvious remedies are to prevent excessive acidity by 
t^e lise of limestone and by incorporation of suitable ca^tum compou ds 
with the fertilizer mixture when these are known to be lacking 

materials used. 


BORON (B) DEFICIENCY 

Boron deficiency symptoms of potatoes have been 
to time. In the field they have been described as c i V 

rather than on vines. Only minute quantities ^ 

normal growth, and few reports of vine where a deficiency of 

boron exists, field applications have given ® . ^^inJbloom 

such as hastening the emergence of plants and bringi g 

10 to 14 days before those without ''PPl\‘''‘^'°7cornell) Agricul- 

A report of field experiments by the New Yor 
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wral Experiment Sutton ^ ® 

“IhroTert;,. were fairly xog.y. a„U olldd'S 

20 pounds of borax per acre were to produce a mater 

sloughing, an increase tn quality of dehydrated 

by applications of 7'/= pounds of borax per ‘;?'’““^„„a„e^,^d 

potatoes, including their color and flavor, was reported to be unaffected 

'^During World War I and for a time afterward ‘T^ 

occurred to the potato crop from excess „„ 

Subsequent experiments have shown, however, that the bad ° 

yield may have been due largely to the manner in w ic inlurv 

burred when .s pounds per acre were applied in the ^ 

fore planting. Surplus borax may prevent sprouting of seed p 
thereby produce poor stands. Other effects are killing of the sprout 
after some erowth has occurred, failure of roots to form, w-eak appearance 
of those plants that finally emerge, bleaching of the foliage or marginal 

yellowing of the leaves, and abnormally low yields (4). 

A number of investigators in both Europe and America have developed 
solution and sand culture procedures for growing plants with insuflicien 
boron. Special precautions against boron contamination have been found 
necessary because only a minute amount of this element is needed for 

normal functioning of the plant ( plate 7 ) . 

Typical boron deficiency symptoms of potato plants include; Growing 

points die, and tips of terminal shoots are stimulated into a characteristic 
growth of lateral buds. Internodes remain short and give the plant a bushy 
appearance. Leaves thicken and margins roll upward, a symptom similar 
to that of potato leaf roll virus. When the boron deficiency is not great, 
onlv a slight upw'ard curling of the margins of the older leaves is visible. 
With greater deficiency, petioles become brittle, loss of green color (chlo- 
rosis Tappears. and in severe cases anthocyanin ( a purple pigment) is de- 
veloped. The leaf points and margins, especially those of the older leaves, 
die prematurely. Starch congestion in leaf tissues is conspicuous. 

In an advanced stage of boron deficiency, potato roots are short, thick, 
and have a browm appearance. Root tips die. and this stimulates the de- 
velopment of secondary rootlets which in turn may die soon after 

emergence (figure 4). 
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Internal symptoms of boron deficiency are first found at the growing 
points of the roots and afterwards at the growing point of the stem. These 
symptoms appear as a brown discoloration resulting from a breakdown of 
individual cells or cell complexes before the growing point is killed. Later, 
the stem, the axillary buds, and the internal parts of the lateral shoots be- 
come diseased; next the tissue of the nodes is attacked, that of the high- 
est first, then that of the internodes. 



Figure 4. Lack of sufficient boron seriously interferes with the ''of 

potato plant. Fibrous roots are seen to be very much restricted in gr 


Boron deficient tubers are smaller than normal and often have rup- 
tured surfaces. The green portion of the plant may be markedly disease . 
whereas the tissue within the tubers may show slight symptoms or none 
at all. Again, the tubers may develop typical symptoms, such as a loca 
brown discoloration below the skin, generally at the stem end of e 
tuber, or a brown discoloration of the vascular ring— most pronounce 
at the stem end but varying in the distance it extends toward the ape 


— or both. 

Although boron deficiency has 
growers in this country, never 


not as yet become a problem of potato 
under certain conditions a 
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. I PI IS Dounds per acre, of sodium borate 

^enenciJ. W1 

lorevf ‘kTr?bmioruL'^of sl'iihtlT.noist sand 

Soluble chemicals can be dissolved and the solution sprayed on . c 

fertilizer or directly on the soil. 

manganese (Mn) DEFICIENCY 

Manganese deficiency has been noted on certain 
Atlantic Seaboard, but no clear-cut description of how tt affects 

potato has been given (1, 10). 


1 




Courtesy of J. R. Neller, Florida Agricultural Experiment Station 

- 4 - 


Figure 5. 


■ m M r ■ r Ji V r ■•F * m ■ - .r 

When the supply of manganese is insufficient, plants show it, not 

enouch manganese (above), enough manganese (below). 


In solution cultures deficiency symptoms on potatoes appear as light 
green chlorotic areas in the interveinal tissue of the upper leaves. Later, 
numerous little brown patches develop along the veins and these dead 
areas increase in both size and number. When lack of manganese is not 
severe, the upper parts of the plants become somewhat chlorotic but do 

not develop dead spots (plate 9). 

Even on highly calcareous or heavily overlimed soils, 50 to 75 pounds 
of manganese sulfate per acre is likely to be sufficient to meet any 
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deficiency of this element. On some acid soils, an excess of manganese 
in the soil solution sometimes may be great enough to create a toxic 
condition. 

SULFUR (S) DEFICIENCY 

Sulfur deficiency symptoms in the potato appear to have been en- 
countered in the United States only in nutrient culture studies (figure 
6), and seem never to have been observed under field conditions. When 



C^ou^t^sy of Crops Research Division, Agri. Res, Serv.. U. S. Dept, of Agri, 


Figure 6. This potato plant (left) exhibits pronounced sulfur deficiency symptoms. 
The leaves and veins are yellowish with slight upward roll, and small brown necrotic 

areas occur between the veins. 

the mixed fertilizers used contain appreciable amounts of superphos- 
phate, ammonium sulfate, and occasionally potassium sulfate, there is 
little likelihood of sulfur hunger developing in potatoes. Observations 
on other plants show that when a shortage of sulfur exists, leaves may 
become yellow, stems woody, and root development may decrease. 
Research shows that sulfur tends to increase root growth and may have 
a role in chlorophyll development. Most investigations indicate that 
symptoms resulting from a shortage of sulfur develop slowly. 

If concentrated fertilizers are used which contain no sulfur, a defi- 
ciency on light sandy soils may develop. Obviously, the inclusion of 
appropriate sulfur compounds in fertilizer mixtures used in such areas 

is necessary. 
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deliencv'oTIvailable .ron results in a malnutritional chlorosis 
A denciencN ui a a overcome the conditions 

vi'hirh renuires treatment with an iron salt to 

or at least to prevent further development. Like those « 

or overlimed soils. This condition makes the iron 

causes a so-called >‘n--ncluced chloros ^ ^ral Hter" 

Sd » S::™" of iron deficiency synrp.onrs in rela- 

■“’rn'rr c^u::L:"w^h o^i-d .he firs. syn.p.o. on po.a.oes 

is a slight chlorosis in the young leaves, rather regularly spread 
the blais. The points and margins of the leaflets keep their 
longest. Since both the green and yellow pigments are alTectcd. th 
discolored tissue becomes a clear pale yellow, and m extreme cases 
almost pure white. The chlorotic tissue is curved upward. Leaves 
develop before the symptom appears retain their green color. 

On acid soils usually sufficient iron is available in the soil solution 
to take care of growth requirements. Since potato growers tend to prefer 
acid soils because of their inhibitory effect on the development o t e 
scab organism, little possibility of iron deficiency occurs in the produc- 
tion of this crop. To correct iron deficiency in other crops, the salt most 

generally used is ferrous sulfate. 


COPPER (Cu) deficiency 

Copper now' is considered by some soil scientists to be essential to 
plant growth, but convincing proof still is lacking as to whether it is 
essential or indirectly beneficial. No authentic case of copper hunger 
except on organic soils seems to have been recorded in the agricultural 
literature. Potatoes grown on mineral type soils rarely, if ever, suffer from 
lack of copper. This perhaps may be ascribable to the fact that copper 
sometimes is applied to potato plants in certain spray mixtures in suffi- 
cient amounts to prevent a deficiency. Some of the added copper gets 
into the soil, while some may be absorbed by the potato foliage. 

Copper sulfate is the copper salt usually applied to the soil to correct 

a deficiency of this element. 


ZINC (Zn) DEFICIENCY 

fjQw' js accepted provisionally as an element essential for plant 
growth. Very little of this element is required by plants. Present knowl- 
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edjte .nd....tc- ihat s..,nc pLint^ ether need k- . in. 'han ■ itu- • • .r, 
able toubiairi ibcir needed suppl> <»re readiK /me detieiencA syrup 
turns un putatucs rctcntlv have been rcp*’ftcd as developing on vnlv 
known lo be det.cenl .n tins ck.neni \rfecte.: pl 'nis are .anted, ami 
suuuL leaves arc cupped and roll upward to the extent that tcr.mrul 
growth resembles that ol a tern The term Icrn leat o uv .) to d. -cube 
tho sympton. of /me .k<kK-nc:. m the potato Very tdtie ■ • c ps-mve 
nature o known about the mctab.)Uc activities .vt /me, w.nic mvcsti 
gators believe Us action .s indirect and posoblv related to pho-phurus 

nutrition , _ 

planls fr..v.ini: m ..lunon cultures ...h-ul /me /re rcr-.lt, 

,h... J.Mmel Ueliue.K> ..Mi.pl.m.- (."'‘O' <■' 

Ihcy never ..train the v./c ..f tlvrsc snpplKJ with /me. the top .cave. 

avvnme a vl.phtly vertical P-.iimn. .h.le the n.,.r(,nv ... -mte .. the 
lealletv earl .lishtly upward in a manner vuiljevting the ear v '>"'1'^ ■' 

„l leal r..ll viruv. U-avev .,1 /.ne dehcienl plant, are v.r.aller Ih,... .h -.. 
..f eonm.!.. the.r upper .ntermnlev are .h..r.er. and then vien.v are 

rigid. , 

Plants without zinc form grayish-brown to bron/c irregular spot^ t 

usually appear first on leaves halfway up the plant, but sometimes or, 

,he older or on Ihe vounfer leaves. ..nd hnall) on alnto-l all the leave. 

The atfected tissue becomes sunken and finally dies, liad y diseased 

plants have brownish spots on the.r leaf petioles and stems 

Without /inc are significantly shorter than normal and arc smal e 

eight i^)f foliage and tubers. 

on acid .0.1. enough /inc goes into walu.lon to prevent the 
of /inc-dehcicncy symptoms in po,a.,«s. A dehcicncy 
occur on highly calcareous soils or on those beastly ™ “ 

zinc deficiency in other crop., /inc .ulfaie has been used '^he'«s« 
sulfale is uwtd to activate a fungicidal .pray for polato^. a .mall anuntru 
of /inc always is supplied to the soil m Ihe spray residue. 

WHEN MORE THAN ONE ELEMENT IS DEFICIENT 

Potato plants grown in river sand with both 
phorus omitted have normal shape and color, but the gro 

roots, and tubers is strongly reduced (28). 

With phosphorus and nitrogen omitted, petioles, leaflets ^ « 
ains are more erect than in the case of phosphorus deficiency alone. . 
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leaves are lighter green. Such plants are ^-rted and very suff^ their 

leaflets are sntall. and their roots and -bers are^P^^^^^^^^ e^o^character- 
With potassium and nitrogen omitte . protrudes 

istic of potassium deficiency is a curved downward. The 

upward and leaves and ^,re poorly developed. 

plants remain small and _ elements— potassium, phosphorus 

and „i(rag=n-are on.iued, growth i. severely lim.ted, but the plants 

close lo normal in shape and color. ;nfln*^nrp of 

At oresent very little is known concerning the combined influenc 

-■ defkienev of tlo or more minor elements on the potato plant. Fo 

exLple with both boron and calcium well below optimum physiological 

inLidual effeL of the deficiencies of the two elements, or the symptoms 
of one deficiency may dominate or mask those of the other. 
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MUNGfR S*GnS in crops 


*eT TO NUTBItNt DCTtCtlNCT $r«*PTO*^J 0» BOTATOfi 


Growth red«C*d I Recu more ocJ» WvaI./« 1 
Pir&suic or virui teturbanow abieiH Cok>r o 

plants 


A f t*n entire piantt or w«>nhne<l to older Of kmtt Icjvcs 

B CrcottwiI ye!k>^inf .snd dJT»t>I '•P* ^ •"nrifig. ot U.r»^ Ir. 

acvlts »iaic», red.1^ to purpT*^ color dcvrkT» m Icavn 

C < c»lof bcfifinmi a ah tips and m-irgins of kraftrts. until aii 

iobJigf l^u^TTKft light grem Ir^ time ci>*of frmy fade to paJe 
yelkfvi/ In estrerne catci m^rgini of kmcf leave* Nxi’mc devoid 
of chWop^U and curl, •ometimet ' tinr.g.’* Snumcd growth 

and defoliation are c hariideri^jc* 

C f oliage cnnkl> arui dark green. In a^uu cases lower leaves heoomc 
purplish Ptants rcrnain stiffly erect Petioles, leaflets, and teaf 
margins take an upward direction Leaflets often esrp-ahaped. 
l-caves fad to cvpand to normal si/e Growth a sericwly 
affected when deficiency is acute 7’ubers may miemal 

rirtt-brown 


Eieimmi 

Drfuwmi 


Nnrofen 




R I ucali/ed, iTioulio* or chloro»i« (loM of green color), with or *iiho«jt 
nccrottc (dead) »pot» on kn^er leaver; practically no drying up of 

lower leaves. 

C I owcf leaves lighter green than normal Chloroaia begins at tips 
and margins of lowermost leaves and progresaes between veins 
toward centers of leaflets LvefUBiilly t tssva^between veois is 
filled with brown dead area*. r>efiniie burfmg betw^n veins 
and thickening of foliar occurs. Aflecied leaves are briute. . . . Ma^wwum 

C. F'oliiige darker green than normal. Leaves reduced in si/e Inter* 
nodes rcrniiin short. Plants have a humped-up, recurved appear- 
ance. Foliafe becomes crinkled, and veirvv appear sunken 
Later, older leaves become a trifle yellowish. Then hron/mg 
develops from lips and margins afKl gradually involves enure 
plants. Bronzing particularly evident m ma« effect. In laU 
stages plants susceptible to attack by para^tic organtsm*. . . ..Potaaatffi® 

C. Lower leaves chlorotic; others grayish-brown to bronze with 
irregular spots; first development ustaHy on leave* midway of 
plant but eventually practically all foliage i* affected Spou 
become sunken and involved tissue finally dies In cetrcfne 
cases intcmodcs remain short and leaves small and thick. 

Spot* develop on pctides and stems, top leaves estime a 
slightly vertical position, and margins of leaves may curl up- 
ward to the extent that growth resemble* that of a fern 


A. Effects localized on newer leave*. 

B. Terminal bud dies, preceded by unusual distortions at tips or bases 
of the young leaves making up terminal growth. 

C. Young leaves of the terminal bud lighter green than norrml, the 
lighter color being most pronounced at the base. Stem up fwy 
die or make distorted growth. Intcmodcs remain ^K>rico^ 
giving plant a bushy appearance. 'Leaves bcctimc fhicken^ and 
roll upward, and leafstelks brittle. Ambocyanin 
menti may develop Tips and margins, especially of lower 
leaflets, die prematurely. Tubers remain small amJ often nave 

ruptured surfaces 
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B. 


c. .-..Ml... ■* 

aS 

SZn mL S™ Tho. as a aWps. b,o» n dlsso.osauon »„h,n 

the vascuiar ring at stem end . 

Terminal bud remains alive: newer leaves chlorotic, with or without 
sDOis of dead tissue; veins light or dark green. 
r vniinE leaves show loss of turgor and remain permanently wilted. 

^ Terminal bud tends to droop when flower buds are developing. 

especially if shortage is marked. DO|"g °f ‘Jf* 
advanced stages. No pronounced chlorosis develops.^. 

C Slieht uniform chlorosis develops in young leaves. T'P* 
Lrgins maintain green pigment longest. 

normal green color. AlTected tissue gradually becomes pa e 
yellow . Foliage becomes white in e.xtreme cases. No dead spots 

in evidence. - 

r l eaf areas lighter green than normal, first bct\^een veins and in 
tons of stems. These areas may become yellow to w hite. Numer- 
ous small brown patches develop which in time become more 
exteS. Lower leaves least affected. Mild shortage causes 
only slight chlorosis, chiefly confined to upper part of stem, and 

no dead spots develop ' 

C Symptoms develop slowly. General yellowing of leaves and veins 
^XrT similar to that in nitrogen deficiency vvithout leaves 
drying up. Growth of the plant is materially checked. Some 
Spotting of the leaves occurs if shortage is acute or prolonged. 


Element 

Deficient 


Calcium 


Copper 


.Iron 


Manganese 


Ssulfur 
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Courtesy o) Va. Truck Expntl. Slu. and Crops Research Div.. Agri. Research Sery.. U.S. Dept, of Agri 


Plate I. The potato plant (above left) is normal. The plant (above right) shows incipient 
stages of nitrogen deficiency, of which rolling of leaflets and genial reduction in size and vigor 
are predominant symptoms. The leaf (below left) is normal. The leaf (below right) is from 
a potato plant growing in soil highly deficient in nitrogen. It is characterized by light-green 
color in the center of the leaflets and distinct loss of chlorophyll at the margins, and shows a 

tendency to "fire" and curl at the edges. 
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Courtesy of Crops Research Division, Agricultural Research Service. U S. Dept, of Agn. 

. u .-«« rxKocnhorti^i deficiency symptoms. Critical stage resulting from 
Plate 2. Potato plants s o\m g P Terminal growth has stopped; plant did not recover 

extremely low phosphorus ^ incipient stage showing stunted growth, dark grcer\ 

cipfo. pi.m — ^ 

fohage. and cupping of lower increased. 



Cour.e^- of Maine A.ricuUural Experimen, Smion 

Plate 3. Normal growth of potatoes that ".'gP^v.^JJI^y^^^eceived the same amoum 

Potatoes showing phosphorus deficiency symptoms ‘’j^.^er ereen in color, smrte 

i„ „„w,h. .hair fol,ag. « normal lima o( marurlly. 
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Plate 4 Advanced stage of potassium deficiency in a potato plant (top), showing leaves bronz- 
ing and yellowing with dead edges. Magnesium deficiency in the field (bottom). 
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Courtesy of Va. Truck Expnu. Stn. urtd Crops Research Die.. Agri. Research Service. V.5. Dep,. of Apt. 

Plate 5. Magnesium deficiency as it affects the **^®^*’ '"f'ggs" Loss of color and 

(2) first symptom at tip of terminal leaflets; ( ^ an ) brittle in advanced 

“firing” of foliage are prominent symptoms. Foliage is 

stages. 
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Counesy of J. A ^Chucka and S. M. RaleiuK Maine Agricultural Experiment Station 

, „ . / nrr»Hiire<; a licht-creen band along the margins of the 

te 6. Calcium deficiency (righ ) p fp.rmrml bud to cease to function, giving a 

,ng leaves of the potato plant and ^^"/'^ubsequen^ growth is from the sides, 

etted effect. In serious cases the terminal bud dies and suDsequen g 

Normal plant (left). 



Courtesy of J. IV. Shive. New Jersey Agricultural Experiment Station 

■late 7. Potato plant lacking boron (right). Leaves thicken and the margins roll upward. The 

aain characteristic is death of the terminal bud. Some chlorosis develops and 

irittle. Leaf points and margins die prematurely. Terminal growth of potato plant completely 

arrested by boron deficiency (left). 
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Courtesy of J. W. Shive, Sew Jersey Agricultural Experiment Station 


. . 1 f, > nnt receive manganese, and the results of the deficiency are 

E,;- 'TSu'™' 
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Chapter 



Nutrient Deficiencies in Vegetable Crops 

By E. R. Purvis and R. L. Carolus * 


M any currently recognized symptoms of nutrient deficiencies m plants 
were first identified in vegetable crops. Vegetables are subjected 
to nutrient stresses because of their rapid growth, high nutrient require- 
ments, and intensity of production. They mature in from 30 days < radis ) 
to 90 days (tomato), and their market quality is more clearly related to 
adequate nutrition than in more slouly developing Held crops. Satistac- 
torv soil structure, assuring adequate oxygen in the rooting zone, is 
extremely essential for satisfactory nutrient absorption by vegetable crops. 

The quantity of nutrients used by vegetable crops averages consider- 
ably higher than that of most field crops, and 75 to 80 percent of the 
total requirement must be available during the 60-to-90-day period of 
most rapid development. Growers generally accept that nitrogen should 
be high in fertilizers for leafy foliage crops, that phosphorus should be 
high for fruit crops, and potash high for root crops. This is only a 
generalization, however, as lettuce frequently is injured by large amounts 
of nitrogen in hot weather, and most determinate types of tomatoes are 
materially benefited by nitrogen side dressing after initial fruit is set. 
Cabbage' and cauliflower yields frequently are reduced by a lack of 
adequate potash; and the market quality of sweet corn in normal seasons 

generally is benefited by a side dressing of nitrogen. 

At the beginning of this century, use of manures and organic fertilizers 
maintained a fairly even supply of plant nutrients during the growth 
period. Because of the relatively slow release of nutrients from these 
materials, both injury to seedling roots and nutrient loss by leaching 
were reduced. In addition, these materials contained significant quanti- 
ties of some of the trace elements. When these materials become eco- 
nomically unavailable and growers became virtually dependent on chem- 
ical fertilizers, both major and trace nutrient deficiencies became wide- 

• F R Purvis is Professor of Soils, RiHRcrs University, and R. I- Cnrolus is Professor of Horticul 
lure Michican Stale University I he authors nl the chapter on this subject in the 1^49 editu»n of this 
volume were J. J. Skinner, senior biochemist. Bureau of Plant Industry. U.S. Uepartment ol Auncul 

turc, and Dr. Purvis. 
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* nutrients required in soluble form for 

spread. To supply the ^1“^' young seedling roots, fertilizer 

,he “evelopmg crop w. ^ which, in addition to preventing 

T'endncS hxation of fertilizer-applied phosphorus, 

injury, reduced addition to nitrogen, phosphorus and 

To insure satisfac y P now be supplied with 

potassium, many soi ^ copper, or zinc; and, in many parts of 

magnesium, boron, m g Florida, with iron. During the last 

the arid ^ .^.^^entary molybdenum, particularly on more acid 

20 years, need for ^’UPP ^ calcium and sulphur deficiencies are 

soils, has been esta ^ ’ owers are dependent on high analysis ferti- 

beginning to appear w from chlorine have been observed 

Uzers. in a few in the fertilizer, 

where this materia ^ _ ^ requirements of vegetable crops vary 

Just as the total ri factors symptoms of malnutrition due 

the ‘1“"'“=' wentical in all crops or varieties, or on ail soil 

types. Frequently, those exhibited in the field. Ho«- 

nounced and processes associated with the development ol 

ever, %,P,pents, deficiency symptoms of many nu- 

protoplasm ^^nie of the outstanding symptoms of 

ncresTvegetable crops that are, or might become, economically 
"n. ar: dUcussed and illustrated in this chapter. 

nitrogen (N) f „bpbly were the first signs of tnal- 

Symptoms of nitrog ^ constituent of both 

nutrttion n P'“‘* ““ ■ ' t,i,ally essential to energy transfortna- 

chlorophyll and P^^^^P^ ’ development of its cellular contents, 

tions within the plant an voprience that light-green to yellow 

Vegetable S™*'” ‘‘"°*d*™grotth, are indications of nitrogen starva- 
leaves, coupled wtth retarded „ e„„,i„ual nitrogen 

tion in their crops, a hieh-auality vegetables, 

supply is necessary for the soils varies from less 

Although the total nitroge greater part of the 

than 500 to /“"p °,action where it is not immediately 

available to plants. Therefore, on we. coW sods .n_^=ar y, P 
tion frequently proceeds a . vegetable 

limiting to rapidly developtng they contain little 

soils are low in organic matter and of sandy 
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nitrogen and rapidly lose it through leaching after it is oxidized to the 

soluble nitrate form. winter cover crops in 

Use of nitrogen fertili/cd green available 

"gailJe" fo7m JrTbS rl:;in fol"“ng ;:-[iods t"; 

reset -“P •>“ .r:: ttatS 

grters to be desirable, additional nitrogen betng suppled as warranted 

L tf-moerature and rainfall during the growing season. 

Plants are able to utilize nitrogen in 
,he nitrate forms being the most quickly available. In early stages 

vegetable plant growth, due to limited root development, some 

nifrogen i^ the rooting zone is advantageous if not too close to the se^ ^ 

The first indication of nitrogen deficiency is y similar in mos 

vegetable crops. Growth of shoots and roots are restricted. Tops are 

short and thin, growth is upright and spindly, and leaves are sma 

usually a pale yellow ish-green color in the early stages of growth. Lnder 

cabbaee.^nd sweet corn. Lateral shooLs are few while lateral buds may 
renviin dormant or die. Frequently, fungus diseases infect the plan 
and\pread through and deteriorate the lower foliage. In the final stages 
the e^re plant may often change from light yellow to golden yellow 

and finally to a desiccated brown. 

During rapid growth, the upper petioles or sterns of most normal 
vegetable plants contain at least 800 parts per million (ppm), fresh 
weight, of nitrate nitrogen. As the crop matures and vegetative growth 
diminishes, the content of nitrate nitrogen generally drops to less than 
500 ppm. However, in young, rapidly growing plants, a concentration 
of less than 500 ppm usually indicates a developing deficiency that should 


be corrected at once. . 

The first sign of nitrogen deficiency in tomatoes is retardation o 

erowth followed by a change in normal green color, first noticeable in 
rhe tips of the younger leaves in the tops of the plants. These leaves 
remain small and thin and entire plants gradually become light green to 
pale vellow in color. From yellow’ish-green. the veins of the leaves soon 
turn purple, the color being accentuated on the undersides of the 
leaves The stems become hard and fibrous and may take on the same 
deep purple color found in the veins ( plate 1 ) . Roots of nitrogen 
deficient tomato plants at first are more fully developed than tops, 
but they finally become stunted, turn brown, and die. Flower buds 












f it 


S ? 


f . z- f 




-• r V' 


i‘t^. 




A 


■J^l 






JT 1.^ 


:*K 










• "' r*-j> ’ 


.■<La- 


rA 


■sr V- 


<. » 


“A y ’-i^, 


v 


* t-' 


t- • 


•i>a^ 1 






* .■•*. jir (|,, 






4^7 










‘^. V 








• » # 


?!!• W. 


iVT^- 




i'.?i 


it 


I 










r 


>■5-1 


iU- 


t 3 




r 4i^i 




.. f 






A . ^iL w'. 


;r- •> 


::V 






TW 


.0 . r-^ 


1- -•*■>. J^; iC 


a:? t 

- 

- ft 










K.= 


■- V 


1 *ir 








F'* d'T 












fi- 


<3 


^ - 








> • 




■C? P®' 












to 


r®.' 




DC-^ 


>3 




*- 


k’> 






A. 






47? 


4 n 


V. 


«a 




^ •r.w 






•>3 


•#■ • f i 


j V 


p- 


c 2 


r 




*.< *. 




■'’ioar^l 




-!• r c 




•it' 




Tim 






_ 

' i j» p. - . % * . 

^ j? ^ * ** 


C 


\' 


■^T c 

f'.! .- ■=■ ^ ** 




^ C> 




S- 


Kk^ 














. 2y 






V A* *f ''^^*- 


B*!- 


r?; '‘».i»l _ 


•“J 




pnr ’ 

IT' 


(TW 


.V' 


w "^tp- ^ 

««l'«- -- 

; «« ,. s-^'' “>Ha. 

'^if _._l: ' 

v'' ^ ^ 

- i ^ 

1. ^ 




• , 


-J^v 




->B>4 


fr-Ai 


OS 


'fe 


>fx^ 




0^ 




•A* 






1=3 




i ^ 

-;, ^ a 


t-;3- 


C Si 






<I ■ 






<*<» 


\J ^ 










dyS—Txj- 


, -4 


eb‘ 




MV- 




,r ^ 


V 






r^- 






^.1 




. ■ *--■ ■ ■‘-^ 


t'- 


k*' 


pp^v r Hr — 

^♦a^ass '’*^" 


» 










'• 


J’ v; 


“ ^ ^t?i *-"cri^* 






«i - 


'i3^ 




ru 0f 




,^"60 












i>= 








•f-t 


^■•3 . 




■ I 

-h/SS^-p^^ 






^<- ' 4 ' 




*tJ >»1 


L%‘> 


7 ' 

^ jb •J- r . 






U'W 




ff<^»S-^'' 


r - P , 












ii 


&■•■■ ^ -i 

IM9l^ 




m. 


i /- Afcs-, ..- 


»• 




S' 


^V^- 


v^/ PhBpil -> ^ 






’^ir> 




ngppd 






J^* 




■V'T, 












-»y 








Jk- 


•^Cli* 


m 


ys- 






■ -? ^ ^ Cl * 


'* ^ a I ^ ' -1" 


^ _- - P>J 


w ,*J 


• _ JC 




ssi 






ri' 




-C 






a'\. 

a7'- 

•^. • W**. ^ -PH^ 




t, ,- 


” .*v£j 


.J 






4 


4 -^>1 


M- 


La*- 


.6^ »“ 








•fi 






t' 

UK 








•' 




M-:' 


04» 


.A 


4 


?k 












:^3r3 






^X1 


m 


:^2 


m 






Q^' 


^■ASb- 







nutrient deficiencies in vegetable crops 


249 


j • I virion is u coniporifinl of niuHN plont 
metabolic (unction of phosphorutt in the ener» 

protein catnpleco. ^ g„wing in soils that are 

iranstormaiions required for g ' ; in root development and 

deticient in phosphorus are ini la ^nd delayed maturity, 

this eventually results m reduced op g pronounced than 

Chutacettsttc foliage symp.otns gen rally are le- P 

those tesuhing Irottt crops" affec.ea svi.h 

because of slots grovsth. lighter color than those of normal 

phosphorus deltctency hrst corn, accumulation 

plants. In ‘‘f ,, phosphorus deficient plants, sehich is 

of carbohydrates m t ^ results in the development of 

not released by P for pigmentation may appear on the 

anthocyantn^ a pu p Pg ,eins The fibrous root system of a 

undersides of leases ^ 8 developed. Vegetable crops 

f "'.’’two' Phas?s'in"their gtowth cycle when requirements for phosphorus 
e high du s^eili^g stage and sihen fruit and seeds are developtng. In 
ra ent vears use of soluble fertilizers with high phosphorus content ap- 
p'lied in solu’tion at time of transplanting has reduced the ° 

solubfe P in the fresh tissue of their upper stems and petioles. W th ma- 
mritv. a considerable quantity of this phosphorus is ^ 

tss thL ^ 25 ppm generally will be found associated with a developing 

An early symptom of phosphorus deficiency m tomatoes is develop- 
ment of a purplish color on the undersides of the leaves. In the veins 
of the leaves this discoloration may first appear in spots and later spread, 
entire veins finallv becoming pigmented. The foliage eventually assumes 
a purplish tint, particularly at the tips of the leaves. The stems are 
slender and fibrous, leaves are small, and plants are late in setting an 

maturing fruit ( 9 ). . u 

The leaves of phosphorus deficient radishes also exhibit a reddis - 

purple color on their undersides, (plate 3). In celery, the deficiency is 

exhibited by poor root development and slender stalks. Phosphorus 

deficienev symptoms usually appear later in the growth of onions when 

the nutrient is being translocated to the developing bulbs. Stunting 

occurs and soon the tips of the oldest leaves wilt and die. In some cases. 

affected onion leaves become mottled in appearance, green areas appear- 
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ing among the yellow and brown tissue ( 13, 23). With most leafy crops 
of the cabbage family under normal temperatures for growth, phosphorus 
deficiency is indicated when the undersides or the tips of the leaves take 

on a reddish-purple cast. , , 

In seneral, phosphorus deficiency is not so widespread as formerly 

because fertilizer placement techniques have resulted in the maintenance 

of readily available phosphorus in bands near developing seedlings. 

After seedling roots ate well established in the soil, they generally are 

able to obtain considerable phosphorus from levels of availability that 

are not adequate during early growth stages. This is particularly hue 

on adequately limed soils where considerable quantities of high phos- 

phorus fertilizers have been applied. 

POTASSIUM (K) DEFICIENCY 

Vegetables require more potassium than most crops. A satisfactory 
crop of celery, for example, will remove upwards of 300 pounds of K 
ner acre Deficiencies of this nutrient have been observed m all vegetable 
crops Although soils contain from 1 0,000 to 40,000 pounds of total 
potLsium, a large proportion of it is in forms that become only very 
slowly available to plants as the soil weathers. Symptoms of potassium 
deficiency vary according to the extent of the shortage of the element 
and in relation to the calcium and magnesium contents of the soil Heavy 
liming of sandy soils low in potassium produces a potassium deficiency, 
due to better plant growth and also to interference of potassium absorp- 
tion by the higher calcium concentration. • , , , 

Although potassium cannot be associated with any particular plant 

compound and is entirely soluble in the plant, it has many functions 
one of the best known is in facilitating the translocation of the produc 
of photosynthesis and iron from one part of the plant to another. It 
actf as a “lubricant” in maintaining a high level of metabolic activi y. 
Potassium is essential for the production of auxin, the growth regulator 

found in abundance in all meristematic tissue. j j a 

Without sufficient potassium, vegetables soon J 

greater susceptibility to disease, impairment of p"°^ . ^ 

failure to develop normally, and if they are oversupp le w ^ 

a dark bluish-green color develops. During 

before fruits are maturing, the fresh stems and pe^les . 

from 4,000 to above 10,000 ppm of potassiurn. i J^assium 

quantities of potassium are translocated to the fruit ^ P . 

content of foliage frequently falls below 3,000 ppm. However, eary 
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UK scson a po.ash co„>cn. of ,a»s U.an 3,000 u. 3.000 ppn, gencraHy 

is associated with a developing ^ „ccur on the 

in many crops with inadcMuate P" J;’’' :|;,u ,a,er bro^^^^ 

margins of the leaves, resu ""P !'' ' is a moOerate supply ol 

as .he edges .urn don nsvard ^;od ^ ,„ay appear lirsi 

hr .he middles of .he plan.s and n.ove 

sy.iip.oms usually appear firs, on . ° J" j bluish-green 

Polassium s.arved loma.oes grow slo v y and ha e a u 

t Th^ nl-.nts ire stunted and the yields are small. Their young ic. 
cast. Inc plants aic siuu Kinivh-oreen at tirst and 

become hnely crinkled, older leave, lu inhirv nro'-resses 

develop a yellou-green .in. along .Ire.r ' ^^^“iueh is 

tovenrd the centers of the leallets causing a bron/ing ot tne ii 
followed bv development of large yellow areas between t ie veins. 

ifcle briule. .urn brown, and finally die. The s.e.rrs beeo.ne hard .md 

woodv and fail .o increase grea.Iy in diame.er. reman, mg 

UAl. The rools are no. well developed, bu. remain Ihm. of.en become 

brown and secondary ihickeninj: fails to occur. 

Tomalo fruits on plants showing evtreme deficiency may npen o' • 
evenly and lack solidUv . pla.c 4B,. ■ Blolchy ' ripening of lomaroes is 

freuuentlv related to inadequate potassium. 

?n sweet potatoes, a lack of potash results in poor quality roots with 

a hVh length to diameter ratio. This is due to a lack of adequate potas- 

siuni to facilitate normal cambial cell division, hence a lack of growth 

Le^v^e^'^of cabbage plants showing early potassium deficiency becoinc 
bronzed on their edees. and later as the symptoms progress towards the 
center, the edges turn down and dry out. and brown spots appear in 
their interiors^ (plate 5i. Cauliflower and Brussels sprouts be lavc 

similarlv. , , , , i , 

In carrots the svmptoms are manifested in curled leaves. The edges 

of the leaves become brown, and the green in the inner portion^s fades 

to vellovvish and finally becomes bronze. In cucumber and muskme on 

plants, potassium deficiency symptoms arc characteri/ed by yellowing. 

bronzing, and drying of leaf margins. The bronzing gradually spreads 

into the leaf areas between the veins. In cucumbers, fruits with enlarged 

tip ends arc characteristic (plate 2). 

Radishes eroun in potash-dcticicnl soil exhibit a dark green color in 

the centers of their leaves, the edges curl d(>wnward and become pale 
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yellow to brown (plate 3). In beets a deficiency is manifested in a 
tapered root w'hich is slender and poorly developed. In peas the plants 
are dwarfed, lower leaf edges become brown, and the seed develops a 
thickened, tough coat, giving the canned or frozen product very poor 

quality. 

Potash deficiency symptoms in onions appear early in plants that are 
not stunted, the tips of the older leaves assuming a distinctly gray-yellow 
or light straw color which gradually progresses downward as the entire 
leaf wilts. The wilted areas exhibit a satiny texture and a wrinkled 

appearance (13, 23). 


CALCIUM (Ca) DEFICIENCY 

Use of limestone or superphosphate maintains an adequate calcium 
content in most soils. However, calcium deficiency in vegetable crops is 
becoming more common with the use of high analysis fertilizers low 

in this nutrient. 



Courtesy of R. L. Carolus. Michigan Agricultural Experiment Station 

Figure I. Blossom-end rot of tomatoes is prevented by spraying plants with solu 

of calcium salt. 
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Courtesy of R. L. Lucas. .Michigan Agriculiurai Experiment Station 

^ ■ * 


2. Bl.ckh..r. of by colciom db«ci=ncy. 

^ weather with rapid plant growth on soils high in fertilizer salts. 


Recently on soils low in calcium and high in soluble salts, the use of 
calcium sprays have been found to prevent the occurrence of blossom- 
end rot of tomatoes ( figure 1 ) . Plants grown in calcium deficient water 
cultures develop yellow leaves on their upper parts, indicating that cal- 
cium is not easily translocated. Calcium deficient tomato plants in water 
cultures are weak, flabby, and lacking in firmness or turgidity. Their 
terminal buds die and their stems near the terminal become spotted with 
dead areas. Roots are short, much branched, stubby, bulbous, and dark 

brown in color (17). 

Celery grown on heavily fertilized soil low in calcium, under environ 
mental conditions that result in a water stress, frequently develops brown 
decaying areas in its heart leaves (figure 2). This trouble has been 
corrected by the timely application of calcium sprays. Carrots grown on 
soils low in calcium and high in soluble salts frequently produce rough 
roots that develop pitting or “cavity spot” (figure 3) (15). This ab- 
normality is associated with a calcium root content of less than 0.25 
percent of the dry weight, and can be remedied by the use of calcium salts. 
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Courtex^ of P V Maynard. Ma^fJchusefts Agriculturai EMpf^nmeni * 

Eigurc 3. Cavity spot in carrots caused by deficiency of calcium 
MAGNESIUM (Mg) DEFICIENCY 

Magnesiuni deficiency in vegetable soils is widespread. Soils of the 
Atlantic and Gulf Coastal Plains, where extensive areas arc devoted t.> 
vegetable growing, are particularly low' in magnesium content. The defi- 
ciency results from a natural lack of magnesium in the s<iil. extensive 
leaching, and removal of considerable quantities in crops. Periods 
applications of soluble magnesium fertilizers or magnesium limc'Mns 

are necessary to assure crops of good quality. 

Magnesium influences earliness and uniformity of maturitv. si/e <• 

roots and fruits, and quality of other marketable portions of crof-^ 
Vegetable plants develop a characteristic chlorosis, or lack of normal 
green color when the magnesium supply is insufficient. Their lo*- 
leaves are affected first; in some vegetables these arc the only leave 

that become decidedly chlorotic. . c 

Tomato plants grown in soils, sand, or nutrient solutions aehciem i . 

masnesium develop leaves that are very brittle and have a 

curve upward. The veins remain dark green while the areas 

them become yellow, the yellow color increasing in intensity wit iv 

tance from the vein. The vellow areas become deeper in color 

turn brown and break down. The symptoms are most common in 
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^ .u fruit rlpveloDS. the deficiency may 
older leaves of mature plants, s e evidence of the 

become increasingly severe. However there 

abnormality on stems or frutt I P/“'' ' manifested by a chlorotic. 

mottled, puckered appearance of i„,o white. 

Zrzed.'oTve"y pale yellow areas around the edges and at the centers 


Figure 4. Overwin- 
tered cabbage plant 
from field experi- 
ments showing 
symptoms of mag- 
nesium deficiency. 
Note the white, 
puckered, spot- 
ted area of the 
lower leaves, indic- 
ative of early 
stages of the defi- 
ciency. 
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Courtesy of R- i-- 


Carolus, Va. Truck Exp. Sta., and 
B. E. Broy^’n, U. S. Dept, of Agri. 


of the leaves. These areas decay and frequently fall out. The w ite an 
yellow areas at leaf edges turn brown when extreme deficiency as 
developed (plate 5D). If magnesium deficiency only is present areas 
of dead leaf tissue mark entire leaves. If nitrogen also is a limiUng ^^c or, 
entire leaves will first turn light green and then become yellow before 
breakdown occurs in the central portions of the areas between the 

veins ( 3 ) . . , , i r • ^ 

Potassium deficiency is sometimes confused with lack of magnesium. 

The former, however, appears as a bronzing of the leaf, the color devel- 
oping into brown before the breakdown of tissue occurs. On the other 
hand, magnesium deficiency often appears in vegetable crops after lib- 
eral applications of either potassium or sodium fertilizer salts to the soil. 
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Turnip leaves from plants grown on magnesium deficient soils develop 
b Jw„ ragged areas around rheir wh.ch^dry up and faU ou,. 

In celery magnesium deficiency induced by a genetic abnormality 
ha been observed. The plant is unable to obtam adequate magnesimn 

Le u fof magnesium sprays (figure 5) 14). In carrots magnestum 
fn« " ;,rv. or "own^pots on the tips or the lobes of the leafiets. 



Davis. MU-hiaan Agricalfural Experiment Station 

I c in rislfrv (left). Normal leaf (right). 

Figure 5. Magnesium deficiency in ccitry (leui. 

Deficient plants generally are smaller than those with an adequate supply 

Smbr'sQuash muskmelons and snap beans show the charactet- 
Cucumber, squasn. i described for other vegetables. 

?h‘’ TsI' evUdence oT TnaeLsium deficiency in onions grown in sand 

i:Uu^:'u;trvelopme;t of 

the ends of the leaves, almost whtte ,n color whtch later app 

general breakdown of the affected ^ ^ ^ control 

Since sweet potatoes are fown on sa ' maenesium deficiency. 

several diseases, they arc e.p > ■ then yellow areas develop 

The deficiency first affects the o ei Cc . (nlate 8) As the 

between the leaf veins while ZXrtn dr, up 

deficiency becomes extreme. ^ tips of the vines. 

while the symptoms appear in new ^ chlorotic^ areas between 

In the Puerto Rican type of sweet potato, the chlorotic 
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U • of the le'ives arc reddish-purple m color instead ot ncIIonv. 
the veins of the Ita potatoes by more 

Magnesium dcticiency olten reduces the >ieiu L 

than 50 per cent. 

SULFUR (S) DEFICIENCY 

A de.icK-ncy of sulphur o seldom found in ^gc.ublc u-ps S™-. 
wr.hin several hundred miles of mdus.nal 

fumes and smoke is brought dorvn by ram. At t ■ i„i, 

delicieneies may be expected to occur where ‘'""j 

ammonium sulfate, superphosphate, or other 

cui^::sivi;:,'iL;^rh";::q“mf f^in ap^ 

" r r a re^-bi: ca^iv;’^ 

Teh dcIcT not occur in the case of plants grown with an inadequate 
supply of nitrogen, phosphorus - nm i.rdt' n'temr. 

Srplt: mergh^:carb:hydrates‘and sonrjthncs in nitrogen 1 l«i. 

BORON (B) DEFICIENCY 

Alone Vtith all plants, vegetable crops require small amounts of boron 

for normal growth. The boron content P'*;"''' 

SO parts per million on a dry weight basis and usualK is i>we . 
nately. the ranee between required amounts and amounts that are toxie 
is very narrow^ and boron salts must be applied with greater caution 
than is required for other plant nutrients. However, the coinmonly em- 
ploved salts of boron are water-soluble and readily leached from soil 
Toxic soil levels of the nutrient, resulting Irom over-application, there- 

fore rarels persist for nuirc than i>nc season. 

Deficiencies ot boron occuv in vegetable crops more frequently than 

deficiences of anv other trace nutrient. This deficiency is found on soils 

formed from a variety of parent materials differing widely m physical 

and chemical characteristics. It is common on overlimed and sandy soils 

but also occurs on acid silts and clays. 

Crop damacc from boron deficiency may vary from slight injinv to 

complete destr\iction. Cracked stem of celery and hrown curd of cauli- 
flower are physiological disturbances caused by a deficiency of btiron 
that mav result in almost total crop loss. Symptoms of malnutrition 
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. insufficient boron have been reported from one or more 

resulting 1 1 •, i in beets, cabbage, carrots, cauliflower. 

regions of the m e radishes, rutabagas, spinach, sweet corn, sweet 

lettuce, onions, peppe , n.t nossiblv other vegetable crops. 

'’°VTe“;3ro“born''’diflciency symptoms depends on other taclors 

beside the b vegetable crops caused 

seasons injury S attributed in some cases to boron deficiency, 

but the mechanism involved in rendering boron unavailable has not 

S brlwn heart of table beets and turnips are very different, but both 
and brown from one 

- t-^f rplrn^t not^r.^a^^^^^^^^^^^ 

"'in X'. toron de^ciency first manifests i«'' ^ 

s Snt of^jrn! rd bTb—; 

mottling is acc p Finally crosswise cracks appear on the 

t ta*; rjr™ rrhC 

appendages at e ronditions deformed plants may remain 

the plant dies. Under field conditions ti«om p 

alive and new growth may tu^rnips (6), radishes and other 

Boron deficiency in table beets ( manifested first by 

root crops, commonly known as thickest parts The plant gradually 
dark spots on the roots. ^Ue, ,ha'n nofmal and 

becomes stunted or dwa . variceated appearance. This 

less numerous, and they gradua y ^ purplish-red blotches 

color change develops as a usually she 

over parts or the affected plant has twisted leaves 

center of its crown. The growing point may die thes 

not grow to full size. Ur^der conditions unhealthy. Staynh 

remain very small and distorted and have a roug 
appearance instead of being clean and smooth. Then surta 

wrinkled and cracked (plate 10). 
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flpficiencv produces the familiar symptom 
In root cross sections boron deti ^ ^^^.^rity of the defi- 

cency, brown hear, may varyjrom Jew sjl. J 

large water-soaked area, 

flesh badly discolored. economic importance in 

:oroccj:.ea 


Figure 6. Interior 
of turnip roots 
showing dark cen- 
ter, or hollow 
heart, caused by a 
deficiency of boron. 
Normal turnip 
(left); boron-defi- 
cient turnip ( right ) . 



Courresy of R. Donaldson. Mass. Agricultural Experimen, 5, a, ion 


cotyledons, or seedling leaves, and the true leaves turn 

while the plant is young. The stems become stunted and the t^rmin 

shoot curls inward, yellows, and dies. In older 

older leaves accompanied by the appearance nmsent a 

The conducting tissues within the veins break down and P^es J 
granular appearance ( 8 ) . A striking characteristic is the extreme br 
ness of the petioles, or leaf stems, and midribs. The roots show 
poor growth and become yellow or brown. The fruits frequently suff 
from darkened or dried areas, apparently owing to breakdown of tissu . 

Boron deficiency in lettuce is characterized by malformation of the 
more rapidly growing leaves, spotting and burning of the leaf tips, an 
death of the growing point of the plant (figure 7) (16). The first symp- 
toms are retardation of growth and malformation of the younpr leaves. 
Marginal growth ceases, and this results in a folding back of the leaf tip. 
As spots on the leaves increase in size and number, they involve the 
entire leaf tip and give it a scorched appearance. The older leaves are 
not noticeably affected, but all young leaves, from those first affected 

to the growing point itself, are injured. 
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Boron deliciency in caulinowcr lirsl appears as small, concemrir. 
water-soaked areas in lire stem and in lire center of the small branches 
of the curd (plate III. The external appearance may resemble the 
Owning in brown heart of turnips. When browning (s severe, both the 
Her and the inner portions of the head are affected and have a b.ttcr 
flavor This discoloration of the curd nray appear at various stages of 




^ f, C,jtfee Kentucky A^riculturai Experiment Station 

Courtesy^ of J. S. SfcH argue and R. K. Calfu. t^entu > 

me curiiiib b- disfigured leaf tips. 

maturity, and increases with growth. In cauliflower plants ‘ ^ 

1 j i’ * , cnvillt'r U^'ives around the curd nuN ticu 

boron deliciency, the smaller leaves aiwuni. 

and stunted (5). i i „ cn* 

Cabbage plants growing w ith insullicient those found 

areas in their stems at the bases ot their heads 
in cauliflower. These water-soaked areas usually d y t 

hollow (25), , . IK. ^tnntt'd 

Boron deflcicncy g.ves onion plants i' >- hl« 

toned appearance. I eaf color vanes from d.irk !-'■'> vfs 
green, the youngest leaves iS-veloping conspcuou 
mottlings. .Shrunken areas appeal, tollowcd > 
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^ aJfel^ T ■ *3 

South Carolina Agricultural Experiment Station 

Hp„. 8. Normal s«ae, pol.io vine ! “ 

i„,crn„Je> ™J acO«l! c„rteJ ppiiolas. Non lha Jisloried lerminal 

gnarleU type of e^osMti. snort shedding of leaves. 


Fieurc 9. Sweet 

w 

potato roots show- 
ing typical boron- 
de'hciency symp- 
toms. Note the 
malformation of 
the roots and the 
surface cankers 
covered with black- 
ened e.xudate. 






Couriesv of C. J. Nushtium, 5. C. Agricultural Experiment Station 
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cracks on the upper sides of the basal leaves. The leaves become stiff 
and brittle (13. 23). 

Boron deficiency first manifests itself in sweet potatoes by a restric- 
tion of the terminal growth of the vines and a shortening of the inter- 
nodes As the disturbance develops, petioles become curved and the 
terminals become stunted and distorted (figure 8). The older leave, 
turn yellow and are prematurely shed. Tubers from deficient vines show 
varving degrees of both external and internal degeneration. They are 
misshapen and their skin is rough and leathery. Dumbbell shaped, lop- 
sided, and spindle-shaped malformations are common. Severely affected 
tuber's show surface cankers, sometimes covered with a hardened, dark 
exudate (figure 9). Affected tubers may show evidence of internal 
breakdown, similar to that produced by boron deficiency in turnips 
and beets. Varying in size, these internal necrotic areas occur indis- 
criminately throughout the fleshy parts of the tubers but seem to be 
most prevalent in the cambial zone near the periphery (19). 

IRON (Fe) DEFICIENCY 

The iron content of normal plant tissue ranges from around 25 to 
more than 500 parts per million, dry weight, depending on plant part 
and species. Plants usually obtain adequate amounts of iron from acid 
soils but often are unable to do so on calcareous, alkaline soils. Since 
few commercial vegetable producing farms are located on soils o t e 
latter type, iron deficiency has been of little economic importance in 
ve‘^etable crops. However, the deficiency has been reported in cabbage, 
turnips, squash, and sweet corn grown on certain calcareous Florida 

soils and in beans on California soils ( 1 ) . 

The first svmptoms of iron deficiency occur in the younger leaves and 

consist of a* yellow mottling within the inter-veinal areas. When t e 

deficiency persists, the affected areas become lighter m color and spread 

to include the leaf veins. Entire leaves become pale yellow to almo.t 

white, with little evidence of desiccation or necrosis (figure lU). 

COPPER (Cu) DEFICIENCY 

Copper is an essential nutrient for vegetables and other crops. Sk* 
are hiith in copper and the mineral is especially important or p . ^ 
grown' for seed. Available evidence indicates that 

veeetabics tisiiallv is contined to those grown on dark-eoois " ■ ' ^ 

as'the Portsinoti.h types, and on peat and intick^ Abnormal grm .h o 
veeetable crops on peat soils of Michigan and Delaware, caused bt sop 
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Hooflamd err^ O i- Amam, CahJ, Agri Exp. Sts. 


«r deilccncN. has been noted. Addition of lOO to 200 pounds of cop^r 
ulfatc per aerc to peat soils .n"^estern New York .as 
o produce normal truck crops. On sa. grass peat soils 
3 f I lorida. vegetable crops will not make normal gu^.th '^thout addi- 
aon of 20 to 30 pounds of copper sulfate per acre. C opper deficiency in 
Sants crossing on peat soils has been repi^rted in many other parts of 
the world. Copper deficiency is of economic importance in vegetable 

production in large areas of this class of soils. 

Most mineral soils contain sufficient copper to support normal crops 
of vegetables, except pswsibly some that are very sandy and leachable. 

r-.^nr\rf»r viilfate that have been used on soils to correct 
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the deliciencies noted vary troni 20 to 200 pounds per acre. Some peat 
soils have a high lixing power for copper compounds so that relatively 
heavy applications are necessary to produce the desired effect. 

A deficiency of copper may not cause distinct color characteristics 
jp the foliage of vegetable crops as do deficiencies of other nutrients. 
Some outstanding characteristics have been noted in field-grown plants 



Co„rtes}' of D. R. Hoagtand and D. I. Arnon. California Agricultural Experiment Station 

Figure 11. Tomato leaves from plants grown in nutrient solutions. l eaflet froj" P'®"' 
crown in copper-deficient solution (left); in a complete nutrient solution (centeri. and 
in zinc-deficient solution (right). The copper-deficient plant had small stems 
rotic leaves which were curled inward. The zinc-deficient plant had normal-sired stem 

with leaves resembline those of “httle-leaf of fruit trees. 


in dark-colored soils, however, as well as in plants grown in nutrient 
solutions in the greenhouse. The leaves of affected plants do not main^ 
tain their firmness. The foliage exhibits a chlorotic condition which 
gives it a bleached appearance; this may be corrected by spraying e 
leaves with a weak copper sulfate solution. Chlorotic lettuce grown on 
unproductive muck soil deficient in copper has become norma a 


being dusted with copper sulfate. 

Copper deficiency symptoms in tomatoes include very 
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. and e.c«a.n<>K uxH dcxclopmeni. dark bluish-green 

.,1 shfJOts and ^ .hs^nceot tlovkerformation.devel- 

culor of foliage, cur mg «' i.rmncss in leaxcs and stems i figure 

lettuce plants 

chlorotic. 

( )nions grov^ n on pk.ji '^ull^ ii» 



I — 3 - f S^U,^ 

lirsi n* iSr viem and the outer nm of the leal 


b\ pnxlucinc abnormallv thin, pale \cllow scales (plate 13). Applica 
tions of copVer sulfate at rates of 100 to 300 pounds acre have 
increased the thickness of onion scales and changed their color from 
pale yellovt to a brilliant brossn. Copper-deficient onions lack solidity 

and firmness (14). 

In cases of copper deficiency as extreme as on the Florida soils men- 
tioned. vegetable plants fail entirely to gross. In less extreme cases 
growth is very slow and stunted. 
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ZINC (Zn) DEFICIENCY 

The zinc content of plants usually is less than 50 parts per million ot 
dry weight. To date, deficiencies of this nutrient have been of more 
economic importance in tree crops than in other plants. Reports of zinc 
deficiency in vegetable crops have come primarily from Florida ( I ). 
California, Washington, and Wisconsin (12). Crops affected in one or 
more of these states include beans, cabbage, carrots, celery, lettuce, 
mustard, onions, peas, spinach, squash, sweet corn, and tomatoes. 

Zinc deficiency is most frequently encountered on soils having a pH 
of 6.5 or above and the availability of this nutrient to plants is decreased 
by liming. However, zinc deficiency does occur on acid soils. This is 
believed due to loss of available zinc through leaching, or through fixa- 

tion by organic matter. 

The first symptom of zinc deficiency is a mottling of the inter-veinal 

nreas of the leaves. Such a chlorotic area becomes lighter in color and 

eventually necrotic, or dead, tis- 
sue appears along the margins 
and within the inter-veinal por- 
tions of the leaf, as in the squash 
leaf in figure 13. Affected plants 
commonly produce abnormally 
small, chlorotic leaves on spin- 
dly stems. In the tomato, how- 
ever, small leaves may appear on 
stems of normal size as shown in 


figure 1 1 . 

Zinc deficiency symptoms in 
sweet corn are identical with 
those of field corn. They include 
yellow inter-veinal striping in 
leaves, production of light yellow 

to almost white bud leaves, and early desiccation and death of older 
leaves. 



Courtesy of D. R. Hoagland. IV. H. Chandler 
and P. L. Hibbard. University of California 

Figure 13- Leaf of squash plant, showing 
zinc deficiency symptoms, grown in nutrient 
solution without the addition of zinc. 


MANGANESE (Mn) DEFICIENCY 

■ 

Manganese is a common constituent of soils and plants. Th q 
ties present in both vary greatly, but there is little correlahon betw_een 

the total manganese in soils and that of plants growing on , 

availability of manganese to a crop is governed more by the ac . 
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the soil, and the reduction state of manganese m the sod, than by th 

‘*“DjBciencTon''angane« in soils, us Uemonslraled by 

of plants, is conlined principally to soils that veaetable growing 

This deficiency has been noted in local sections o imnortance in 

areas of various parts of the country and is of economic p 
Ce places, especially on overlimed and calcareous 

feflSlicy r^ufs in decidedly acid .soils it is thought to resu t ^om ^he 
leaching of soluble manganese, which may be pronounced in soils th 

” Ap^icmions of manganese to the soil have 

tnmatoes and other vegetable crops on the calcareous soils o 

where crops have failed to grow without it. Healthy growth an goo 

^*1?thrfol[age'oMomato plants, manganese deficiency manifests itself 
first as a lightening of the green color, which gradually turns to ye ow, 
in the leaf areas farthest from the major veins. As this condition pro- 
gresses the yellow becomes more marhed and extensive and the veins 
femain oreen, giving a characteristic mottled appearance to the leaf. 
Eventuatly the foliage may become completely yellow, and in many 
cases Lrosis sets in.^ppearing at first as small brown pin PO*n^center- 

lafger dead areas indicate complete breakdown of the tissue, growth is 

L of growth and chlorosis indicate failure of the leaves to function 

normally owing to inadequate synthesis of chlorophyll (24). 

Manganese starvation in tomatoes is widespread, having been ob- 
served in regions extending from Florida to the Northern Trucking Belt. 
In severe cases, as in the calcareous soils of Florida, plants fail and do 


not produce fruit. j c • 

The characteristic, striking form of chlorosis in manganese deficient 

tomatoes manifests itself in greenhouse-grown plants and in plants grown 

in nutrient solutions (figure 14) just as it does in plants grown in various 

types of soils in the field. j n 

In spinach, the chlorosis appears first at the growing tips and gradually 

extends throughout the plants ( plate 12). The normal green color fades 

from the webs of the leaves, leaving them pale green to golden yellow. 

The green color persists longest along the principal veins. After some 

time elapses, white dead areas may appear between the veins of the 
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leaves The gradual yellowing of spinach leaves has caused some con- 
fusion of manganese deficiency with “spinach yellows,” a mosaic disease. 

In table beets, symptoms of manganese deficiency are somewhat 
different owing to the large amounts of red and purple pigments m the 
plants. The leaves gradually take on a deep red to purple color instead 
of beeoming progressively yellow. As w.th spinach, the color change is 
most delinife between the veins, where eventually dead areas ap|xar_ 
Beets in soils extremely deficient in manganese make little growth of 

either roots or tops. 






/.r 


of D. R. Headland and D. 1. Arnon. California Agricalrurai E.pertmen, S.a.ion 

ciency symptoms in tomato ieanets. 

Manganese-deficient snap beans grow normally for a 
the first symptom to appear being a loss of green color 
leaves. The yellowing does not spread to the seed leaves until late 

Uvelopmen. of the ifieiency. At firs, the trifoliate “ 

“’tissue between the veins. Growth is retarded when these 
toms appear, and the chlorotic leaves do not attain "orinal 

days only may elapse between the time of the brown 

and the time when the whole leaf turns a golden y • between 
spots, near and parallel to each side of the completely 

the lateral branches, may appear before tee 

yellow (plate 14) (24). 
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When manganese becomes 

leaves change trom green lo ^ ^ , je,„a;n small 

.,e .,ns an. 'Vrr;aonU:^hrr^on.^ua rums vellovv. 

CabSe", figur'e , 5 , and peppers exhihU 

"the' malrgMe'ddfcle*;" symp.oms described and iUus.rared are 



. . 4 D U/ Runrccht Fla. Agri. Experiment Station 

- Ill II If g Dent of Agri. and H. M'. Kuprrcm, f im. « 

Courtesy of J J Skinner, t uept. oj 4^fi/,:^nt ral- 

Hears ''toSr'^tr'SrS tiS Sroe"...Thrho“a1t~ 

“u.‘l 'Lne^liU &r. (ram plo. (errilbed wir" m.nsanr- " “■‘■‘"■o" “ "" 


characteristic for most vegetable crops. Foliage symptoms «hibited n 
plants grown in nutrient solutions, in soil in pots in greenhouses, and tn 

fields are very similar. 


MOLYBDENUM (Mo) DEFICIENCY 

The essentiality of molybdenum in plant nutrition was established as 
recently as 19''9 and Walker's report, in 1948. of molybdenum defi- 
ciency in tomatoes grown on serpentine soils of California was the first 
instance of a soil deficiency of the nutrient recorded in the United States 
(26). Since that time, molybdenum deficiencies haye been reported in 
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one or more states in broccoli, cabbage, caulitlovNcr. cucumbers, lettuce, 
onions, peas, spinach, and sweet potatoes. 

Plants require smaller amounts of molybdenum than of any other 
nutrient, the content of the element in normal plant tissue usually falling 
within the range of 0.1 to 2.5 ppm, dry weight. Molybdenum deficiency 
is most frequently encountered on acid soils where the nutrient is rela- 
tively unavailable to plants. However, deficiencies of the nutrient also 
have been reported on calcareous soils where available molybdenum 
supplies have been reduced by leaching and cropping. 



Courten’ of Richard B IV olker Cahi iKriculturijl t xpcriment Station 


Figure 16 . Molyb- 
denum deficiency 

m 

in tomato. Note 
distinctive mot- 
tling and curling of 
older leaves, pale 
green color of 
veins, and puffed 
appearance of 
chlorotic areas. 


The functions of molybdenum in plant nutrition include roles in sym- 
biotic nitrogen fixation by legumes, and in the reduction of nitrates in 
protein synthesis in all plants. Consequently, some of the symptoms of 
molybdenum deficiency, including leaf chlorosis, retarded growth, and 
lack of succulence, are essentially the same as in nitrogen deficienev. 
However, other symptoms are characteristic of molybdenum deficiency 
alone and assist in its identification. The early symptoms ot molybdenum 
deliciency in beans, peas and other legumes are essentially those o 

nitrogen starvation However, if the deficiency persists, symptoms more 

spccitic to molybdenum hunger develop. These include inter-veina mo - 
tliiiL- (T leaves with chlorotic areas eventually becoming puffed in appear- 
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, ■ t .At’ if-'ivos and twisting 

•,ncc marpinal scorching and cupping ot loaves. eristic 

ancc. luaij-iii^i . Tu,-,. svninlonis arc cliaiacierisiic 

distortion of younger leaves - disturbance 

of molybdenum delicicncy m ‘ ‘ i„ r.gure 16. 

has been reported and aie c epic e " elediciencv occurs in cauli- 

The most striking symptom ol The initial 

flower, broccoli and other plants ot the B.ass.ca group. 




Cniirieu uj If. I< ■ Nohhins. AV..' Jersey Agricultural Experimeul Slalinn 

Figure 17. Whipiail of caulillower caused by deficiency of molybdenum. 

svmptom of this delicicncy in these plants usually is the cupping of the 
margins of the younger leaves, accompanied by some degree of mter- 
vcinal chlorosis. As the leaves develop, an abnormal twisting of the 
midrib occurs and the leaf tissue develops m an irregular pattern as 
shown in figure 17. The whip-like appearance of the developed leaf is 
responsible for the designation of the symptom as -whiptail." 

Molybdenum deficiency in sweet potatoes results in the production 
of dark green, stunted leaves, olten strap-like in appearance, and having 
prominent and distorted veins (26). 
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SUMMARY OF DEFICIENCY SYMPTOMS IN VEGETABLES 

Symptoms of nutrient deliciencies that develop in vegetable plants 
growing in the held often vary somewhat from those produced in plants 
grown under controlled greenhouse conditions. There are several sound 
reasons why this should be true. Delicicncy symptoms encountered in 
the held seldom are as extreme, or as clearly dclined, as those which 
are artihcially produced. Disease and insects often produce plant symp- 
toms closely resembling those resulting from nutrient dehciencies, or 
these symptoms may partially or entirely mask the signs of plant hunger. 
In a similar way, symptoms of dehciency of a specific nutrient may be 
modihed by the available supply of other nutrients. Thus, symptoms of 
magnesium dehciency in plants growing on soils having a high level of 
available potassium will be more extreme than those of plants growing on 
soils having a lower level. Likewise, symptoms of boron dehciency are 
exaggerated under conditions of high nitrogen supply. Dehciency symp- 
toms of two or more plant nutrients may develop simultaneously and 

result in abnormalities which are not specihc for either. 

Although symptoms alone are not sufficient to warrant the report of 

a new dehciency within a given area, once that dehci^ency has been 

established by supporting chemical analyses of plants and soil, its extent 

and reoccurrence may be verihed by a survey of the prevalence of the 

symptoms within the helds of the locality. 

The characteristic symptoms of the nutrient dehciencies of vegetable 

crops which have been discussed in this chapter are summarized in the 
following key; 


nutrient deficiencies in vegetable crops 

key to nutrient deficiencies in vegetable crops 
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Element 

Deficient 


.Iron 


Deficiencies producing distinct color changes in foliage. 

B. Sy mptoms first f first between veins. Later 

C. New leaves "“'^emsif and dying of tissue 

usually aTsent. Usually restricted to alkaline or ovcrlimed 

r ChToIosis appears firsi’ between veins of new leaves “"d ‘hen 
snre ids to older leaves. Veins remain green even in a v. c 
stages of deficiency. Chlorotic areas become brown or trans- 
narent and ultimately marked necrosis of atTeclcd tissue 
occurs! Deficiency more general on alkaline or ovcriimed soi 

c. Nevl leaves abnormally small and mottled '"‘‘h ^inc 

formly chlorotic. Necrotic, or dead, areas common 

B. Symptoms first apparent in old leaves. Leaves 

C First indication, ashen gray-green leaves at base 

develop a bronze and yellowish-brown color. Leaf margins 
becomes brown and cup downward. Specks develop ‘‘'PI’S 
veins of leaf. Tissue deteriorates and dies. Roots poorly d - 

veloped and brown. Stems slender, become hard and vvoody 

C Chlorosis first appears between veins of old leaves "hde 'eins 
■ remain urcen. Leaves becomes brittle and niargins curl upward. 
Chlorotic areas turn brown and die. Reddish-purple pigmenta- 
tion appears instead of chlorosis with some crops. Occurs most 
frequently on acid soils and on soils receiving high amounts of 
potassium fcrlili/cr or calcium limestone. *'.'**'' 

Distinctive mottling tTCCurs in older leaves vMih veins r^mai i ^ 
light green. Neu leaves green at first but become mottled upon 
e.xpansion. As deficiency is prolonged, puffing of chlorotic 
areas occurs, leaves curl inward, and necrosis sets in along 

leaf tips and margins 

Deficiencies affecting primarily the growing tissues of roots and stems. 

B Symptoms seldom apparent on older growth. , a a 

C Stems thick and woody with vegetative growth retarded. Root 
tips die and sluff off w ith formation of small bulblike enlarge- 
ments on remaining tips. New leaves chlorotic vvTnile old 
leaves remain green. New growth lacks turgidity. Terminal 
buds die in extreme cases. Fruits breakdown at blossom ends. . . 

New bud leaves and petioles light in color, brittle, and often 
deformed in shape. Internodes short with rosetting pronounced 
at shoot terminals. In advanced stages, terminal buds die and 
new growth develops from buds below. Root growth greatly 
retarded with dark colored, corky areas forming in bulbous 
roots of such crops as beets, turnips, and radishes. Hollow 
stem is a common symptom in cabbage and cauliflower, and 

cracked stem in celery 


. Manganese 


Potassium 


Magnesium 


Molybdenum 


Calcium 


C. 


Boron 


A, 


Deficiencies with localized symptoms. 

B. Retarded growth w ith leaf chlorosis. 

C. Leaves lack turgidity and exhibit a chlorotic condition as n 
bleached. Growth of entire plants greatly retarded. Most 
prevalent on soils high in organic matter, and on peats and 

mucks 


Copper 
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B. 


Retarded growth with stems slender, tibrous and hard. Norma 
green of leaves fades to solid pattern of yellowish-green. Plant 
may become entirely yellow in extreme cases. Roots often 
show greater development than tops in earlier stages of defi- 
ciency but finally become stunted, turn brown, and die 

Lower leaves become thick and firm and develop ye lowish-green 
color. Stems are hard, woody, and abnormally elongated and 
spindly. Root system extensively developed 

Retarded growth without leaf ehlorosis. 

r Stems slender and woody. Leaves small and often darker green 
than normal. With many crops, undersides of leaves develop 
reddish-purplish cast. Development of fibrous roots great y 
restricted. Setting of fruit and maturity delayed 


Element 

Deficient 


Nitrogen 


Sulfur 


Phosphorus 


NOTES ON CORRECTIVE MEASURES FOR NUTRIENT DEFICIENCIES 

IN VEGETABLE CROPS 

Deficiencies of nitrogen, phosphorus, and potassium are readily corrected through appli- 
cat?on of a suitable grade of commercial fertili/.er. On light soils, nitrogen is readi y lost 
th rgh leaching, and potassium only slightly less so. Side dressings with materials con- 

s Sw fi.xed in an unavailable form in acid soils. Use of high phosphorus, soluble 
LfilSrs at planting or transplanting time generally prevents phosphorus deficiency dur- 

'"cllclunrfnrsumn^^^^ rarely deficient in vegetable soils since both nutrients are sup- 

nlied in common fertilizers and calcium is a principal constituent of lirne. 

Magnesium deficiency is readily corrected through the use of dolornmc lime. Where 
it is undrsirable to apply lime, magnesium can be supplied to the soil in the orm of solu- 
ble magnesium salts. Usually W to 40 pounds of magnesium oxide equivalent per acre 

^'’%ol!5pi-^deficiencv occurs most frequently on peat soils of high organic matter content. 
The deficiency is corrected by application of copper sulfate, recommended rates varying 
from '>() to 200 pounds to the acre. The smaller amount usually is ., 

Manganese deficiencv may be corrected by applying manganese sulfate to the so at 
the raTof 'o pounds per acre, or by spraying the affected plants with a weak solution 

ap'pSl’ of bo,„. or horio odd. .0 ,h. .oil. «, 

V 4 Kv iridifvinii the soil Of bv spraving affected plants 
Iron deficiency may be corrected by aciditying inc sou 

with a weak, solution of iron sulfate (0.-? percent > sodium molvbdate at rates 

seed before planting. 
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Z\ 




nutrient deficiencies in vegetable crops 

-.im o^ficiencv 1 The value of magnesium 

. and Brown. B. E. 193>. Truck Expt. Sta- Bui 89: 

Compou^d^ in ^e.L•elable producuon .n Virginia. \ a. 

12.30-1288. illus. Occurrence of magnesiutn detk-ieno in colerv 

Dtxis. J- I •• - M' h .• n '\lich Acr. Quart. Bill. 35:324-329. illUN. 

on the organic soils ot i o*»i i ion C. J. 193b. Cauliflower browning 

1)1 sRHORN. C. H . Thomi'son. . ■ Hort. Sci. Proc. 33:483-487. 

resulting from a dcticiencs of boron of turnips. Better crops 

Donsiuson. R. W- Ek37. AppU boron to present darkening o 

G "Ru"uso^"‘c“tl.'l 957 : Consol o blossom-end rot of tomaOses. Amer. Soc. Hort. 
_J^!2-‘’7938^'^A^lrt^VLemcni deficiency in the tomato. Amer. Soc. Hort. Set. 36. 

B. and Smt ion. Ftt.Rt scr A. 1939. The soil side of tomato growing. 

Campbell Soup Company Biil. ' /’I P^' jeficienev in plants. Soil Sci. 81: 
Hiwn i. E. J. 1956. Symptoms of Molybdenum otnciency i 

159-171. Rr.Kiion of liuht. potassium, and calcium 

” ril^lcndes'' .o“ ptno '^mhesis'. protein ‘ synthesis, and translocation. Mich. Agr. 

Expt. .Sta. Tech. f '"and Hibbskd. P. I • 1936. l.ittle-Icaf or rosette 

"Tfr^r-tJees V^^Etfec. of-.inc on the growth 

trolled soil and w ater-ciilture experiments Amer. Soc. Hort. .Sci 

I in recard !o nutrient deficiencies 
HoL'Ct XNO Cl. V. C 1948. Private correspondence (in regar 

on onions!. Unpublished. ..mt ihickness of onion scales. 

Knoii. j. E. 1931. Some factors atfectine the color and thickness 

Amer. Soc. Hort. Sci. Proc. i H E l*i61. Etfects of 

MxvNxBH D N . C.iRsiiN. B.. Vlxcii. E. E.. and \frneii-. " ^ 

nu.rlni concentration and calcium levels on the occurrence of k arrot Cavity Spot. 

A t iit^ri V,.*; Proc 78*^39-352, illus. , . 

MoTvrom' e S. a^d"rv7r evaj'-c that boron is essential 

for the growth oMctUice. r" and St tit RVitRliORN. E. Ci. 

Nit.imNi.vii ti 1 . /Vnoovis. R. M.. R< ■ nietaholism in 

1931 ElTecis ot calcium deficiency on nitrate absorption and on mcia 

tomato Plant Physiol. 6. No 4:6tis-63n. Flfccts of sulfur defi- 

. St ill RMtRtloRN. I. Cl . and R‘’»iuns. W . K. '9. -. r 

cienev on metabolism in tomato. Plant Phvsiol. (4 1.56. -. 9.. 

NisitviM. C J. 1946. Internal brown spot, a boron dchciency disc.isc of 

potatoev Phy topath^ XXXMi -) .^64 lb7. ^oron in controlling canker 

PovsiRS. \S 1 . and Bol or l T. .A. k.. » l - - v. e 

of table beets. Qregon Agr. Expt. Sta. Cir. Inform 1 --PP .^i-rv FI i Aer 

Pt Rvis. F R . and Ri i-Ritin. R. W. 1935. Borax as a fertihrer for ederv. Ela. Agr. 
SklN^st Ri'E rl^^tind^R^ R ,"' Fc-iili/er experiments with truck crops 

Sri 'vtt^N! ..''vv!^and''GR'r^ M- 

H. H. .93b. A manganese deficiency affecting 

Wu^'grRi T C . MuEiTn. E G.'^and’jm'tv^Arr. T 1941. The boron dcficiencv dis- 
ease in cabbage Jour. Acr Res. h2:5~3-587. • u .,:i 

W’vikiR. RitiixRh B. 1948 Molybdenum deficiency in serpentine barren st ils. 

W isii.Mi. P. J. 1962 Private Ck^rrexpondence < in reeard to nutrient dencienciex »n 
sweet piMaioe^). Unpublished. 


24. 




26 


J 





’J 



I 




r' 

I” 


\ 


1 

. >■ 


<■ . . 3' 






I 




■'4 


> 




« 


..J'- 


4 





h S. 



Cm,rtr^^ i*i » < Tteihrnx. W* Sertr^ ^«riiiJfufa/ t tv<rimeftt StatUm 

Plate I Coldctt-vcilow leaves with hard, fibrous, bron/ed stems manifesting extreme 

age (right! showing pale green tips of plants, purple ribs of the undctsidcs of leaves ana 

siems. and pale-green IcavcN. fading to ycIloNV. 
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Plate 4 
center. 
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“"nr;;/./”*-;- "' — 

p„,a„u« .non.,, i. ;om..o K", “a “st X- 
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^ B C — Cofir/fu' of J. B. Hester, Virginia Truck Exreriment Station 
D— Courtesy' of V. A. Tiecljens, Sew Jersey Agricultural Experiment Stanon 


Plate 5. A. early stage, and B. late stage of potassium deficiency in cabbage leaves from plants 
erown in field plots on a typical southeastern truck soil. C. is a normal cabbage leaf. Leaf . 
shows bronzine between the veins of the inner part. Leaf B shows brown spots. D. advance 
stage of magnesium-deficiency symptoms develop in sand culture. The mottled W have 
turned pale yellow to white, and. with the rim of the leaf, will turn brown, decay, and die. 
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( of r. .1. T,V./k..a. -V.-.- -uriculwral hxr.T,m.-m 

Plate 6^ Various stages of nu.enesiunt syn.^ S 

left), intermediate stages (center and 'ow^.> gjt • Th ^n he later stages these develop .n<o 

b, p.lc.,«llow h.,we™ .ho JVi'S'Jicas. 
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I l>«lfll0 Truck ftr"'' .'(».. and H / Broun. I S Drpl . 

Plate 7 leaves tlefH from normal anJ i right) from magneMum-Uefiocnt 

^itherovs no ficK plots at the V.rg.n.a l.uck rvpcr.men. Stat.on. I he ^ 

matcsium-lcfic,en,"lea is ragged owing to d.smteg.at.on of the outer edge. The -nner 

.ir#* \er\ chU^rolic. 



- - /j . . 

Cfturtrsy !>/ Soth Drr *rtf»irnt. Se» Jertr% Atricxdtufkki t xi^rrf>ft€nt StaiUm 

Plate H. Magncsium-dcficieni leaves from ficlJ irrown sued pt>lati* plant. Icrrntnal 

leaves on same vine were normal in color 
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Cour/Pi)’ of W. L. Powers. Oregon Agricultural Experiment Station 

_ ■ I _ 1 


K A'L mJf F * ■* ' f r F m — ■ - 

- u « Qnil ( 1 'I Healthy plant grown in soil to which 

anj”"-'? P^a'mr5,owi„e cact ...m and d„., dn= .0 boron d.bdrn.^ 





Ctntrtcxy <»/ H'. / • Powers, Orcuon 


Plate HK Bxlc 


and internal appearances of beets grown m 


ultural Exr^rimettt Stotwn 
a boron-defieient soil- 
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1^ — iiB^^^^^®E«- t r' I Kiileish jV >' (Corn^//) Mjfri. Expert. Station 

r r,... nf C H. Dearborn. H. C. Thompson, and G. J. Kaletgn. r,.i. 

' Krtr^n Heficieni soil showing hollow stem and bronzing, 

|.|>,e 11- C.ulinower f i„ a,i| ,„ei.me 10 pounds ot bosa« per 

ornpionr. "',^7" *S?pro™^ »i“owh,eh no born, «, added Irlph,,. 



Courtesy of Soils Deportment. New Jersey Agricultural Experiment Station 

Plate I’ Manganese deficiency symptoms in field-grown spinach plant. Note mottling and 

crinkling of leaves and spots of desiccated tissue. 
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Chapter 


Nutrient Deficiencies in Deciduous 

Tree Fruits and Nuts 

By John C. Cain and C. B. Shear * 


p 


LANTS do not eat and drink at periodic intervals like animals nor 
- can they search for food or change their ''hb/tats for better hvmg 
conditions They must obtain all of their necessities of i ^ ^ ^ , 
conurwith the intmediate environment in which they are located or 
fail to survive Thus, man must insure the adequacy of these necessitiK 
if he is to reap a good harvest. This normally is done by selecUon 

and climate in which to place the plants; protection 
with each other and other plants by planting, weeding, and other cut 
practices; protection from ravages of insects and disease, and y y 
provision of additional water and mineral nutrients when needed. 

is acriculture in a nutshell. . 

Fortunately most plants will survive under a rather wide range of 

availability of these necessities, but mere survival of a plant might mean 

starvation for man and animals depending on it for food. Thus factors 

favoring growth must be provided in such quantities that the plant can 

produce a surplus of vegetation and fruit above that which is necessary 

for survival. Modern living standards demand top performance in crop 

production; hence, we must seek maximum performance from our plants. 

The following pages are devoted to the understanding and recognition 

of mineral nutrient requirements of deciduous fruit and nut trees for best 

agricultural production. 


THE SOIL 

Broadlv speaking, mineral nutrients perform the same collective func- 
tions in all plants and animals. They serve as building materials for tissue 
construction, they form chemical compounds needed for transportation 


• John C. Cain is Professor of Pomology at the New York S, ate Agricultural Ea^riment ^rion. 
Geneva. Nc» York. He prepared the section on fruits, C. B. Shear is Plant Physiologist. U. S. Depart- 
ment of Agriculture. He prepared the section on tree nuts. 
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and communication services within the tndtvidnal organtsm, and they 
pLide the necessary chemical environment and energy transformation 

r<Ss to these minerals normally only through the sod. although stgntli- 
ranrquantities of sulfur and nitrogen (as ammonta) may be acqutred 

directly from the atmosphere. 

m ideal sod serves as an anchorage for the plant, as a porous phable 
medium through which roots can penetrate ana 

fl storage reservoir for water, air, and mineral nutrients. It also e es 
nutriirs’^areTn arpar"s of tL' pLT root sys’tem, and as a 

rbi ?c.r ar:^ = :„T:i'yrrSr:. 

etements are very slow. Over the many ‘‘’““““f 

“virgin” soils accumulated rich stores 

development of nattve vegetatro , g , ,ege,ation returned 

of minerals available for plan .oaL were through 

ifc minf^ral content to the soil upon deatn, tne oiuy & 

rtciinn and leaching which were minimized under these conditions, i 
continued agricultural use kaching _ ja plant 

considerable qu^ities^of depleted of natural 

minerals wM^ native soils frequently are deficient in certain minerals 

needed these processes more rapidly than others. 

ThTrefor'e no consistent relationship exists between the minerals present 

,n different soils even tno g ,^^t under 

tural use, because of t ^3 .. ^nnHitions We must find some 

supply for maximum production. 

importance of symptom recognition 

piams are said fo show -hunger signs." fo^d^^^^^^^^ 

book, and mineral nutrients frequently ^ mineral nutrients and 

ever, the plant ^^thoTe ^nmrient materials providing energy, 

reserve the word “food for those nutnem k 

Animals must have energy foods, which are derived from pia 
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after year. Thus, by means of storage of surplus nutrients, by internal 
movement of food and nutrients from one plant part to another, and to 
some extent by re-use of certain nutrients from one year to another, 
perennial plants, such as fruit and nut trees, do not exhibit rapid or 
sudden changes in nutrient status. Development of deficiency symptoms 
in them is slower and more subtle, sometimes gradually increasing in 
severity over a period of several years. However, this factor enables the 
alert orchardist to detect deficiencies and apply corrective measures 
before serious crop failures result. Except for young plantings on 
severely deficient soils, usually two or more years elapse between the 
first appearance of deficiency symptoms and the time when the deficiency 

is severely affecting tree performance. . „ . u- u v. 

The surface foot or so of many soils, especially those which have 

been used for annual crops for long periods of time, may be seriously 
deficient in some mineral nutrients, notably calcium, potassium, and 
magnesium, whereas at greater soil depth there may be adequate sup- 
plies. On such soils, young tree plantings, having limited root systems 
may show deficiency symptoms whereas older trees seem ^ 

it " The reverse also may be true on some special soils with high fix- 
ation” capacity. The surface soil may have its fixing capacity saturated 
by fertilization and provide available potassium, but as the tree grows 
older and the bulk of its roots are in deeper soil a deficiency may 

develop. 

OTHER FACTORS AFFECTING DEFICIENCY SYMPTOMS 

Numerous other factors may limit tree growth in presence of 

adequate nutrition and sometimes result in symptoms may be 

mistaken for nutrient deficiencies. The most common of these are 
drought, mechanical injury of trunks, systemic diseases. 
under some conditions toxic concentrations of other elements, 
"tds w^ll not be discussed in great detail, but the d iag^t.c.a^^ 
be constantly alert for them. He must remen, to a, all 
amount of fertiliration will improve plant 

the plant may show some symptom low 

Mechanical injury, such as partial girdl -,hhit''feedin2. 

temoerature injury to the trunk or branches, mouse or 

or iL damage usually is distinguished by 

deliciencie which result from a lack of nutrients available to the 
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• . ,tu- from tree to tree within an area. 
^vstcnl usually occur "“'I"’ nutrient deftciencies sometimes are 

Aithough, due to soil branch should be affected 

■spottv." more than an tndividual tree or oral 

before shortages are given serious confused with 

Virus diseases espec, ally '"J " ' only by 

nutrient deficiencies and in special cases can oe 3^ 3 

:::;:rch:rc=ts= 

Proficiency in visual diagnosis improves with experience and familiar y 
with symptoms. 

Definition of Terms: The following terms are frequently used in de- 
scriptions of symptoms and are defined here for convenience; 


Shoot. 


The most recent terminal extension of a twig or branch; current 

''Tn.e?'nSr-The space along the shoot between the point of attachment of 

‘''Te^mS -The outermost extremity of a branch or shoot along its axis_ 

Petiole.— That part of the leaf between the blade and the shoot by which the 

'^‘*Mid-!ib!'— The mlfn vdn or veins of the leaf extending from the petiole to 

Latfral''’veins.— The large veins connected directly to the mid-rib and extend- 

inc lowiirci the Ictif msrgins. _ thp 

Fine veins.— The "network" of fine veins near the terminal extremities of the 

'^^ChlorosU; — Yellowing or loss of green color by all or part of the leaf. Lack 

^Pigmentation. — Development of additional color, usually red or purple, other 

than chlorophyll. 

Necrosis. — Death of tissue. 

Rachis. — In pinnately divided leaves such as those of the walnut and pecan, 
the rachis is the extension of the petiole or leaf stem to which the leaflets are 

attached. 


VISUAL SYMPTOMS ON DECIDUOUS FRUIT TREES 

The following descriptions of symptoms of mineral nutrient deficiencies 
are based on the assumption that complicating growth factors already 
discussed or other nutrient shortages are not severely limiting tree per- 
formance. In all cases where comparative terms are used, a healthy 
plant condition is assumed to be the standard of reference. 
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VISUAL SYMPTOMS ON DECIDUOUS PRUIT TREES (CoMin«.d) 

nitrogen (N) deficiency 

r t i rt 1 1 rrcncc of iill riiitncnt tlcticicncics, 

„urf~ nZs.'!:-:;;, assocIMeU .iLh a .Uuclioa In 
nitrogen bnun g, color. The symptoms usually are 

vegetative gro v individual leaves exhibit a uni- 

fairly uniform over the j^i^^ent of leaf size and color, 

form color over t eir en ^ growth flush is completed 

and of shoot growt , s ou . j ^ of jelicient trees 

and leaves are progresses resulting m earlier 

usually is coloration. Thus, late in the growing season 

defoliation and g tT-cocn deficiency. Leaf color differences are 

is the best time to ju g® whereas marked reduction 

less marked on cherry, P'^^Jon on apple and plum. Fruits 

in leaf color may appear by ^ PP 2 13 ) 

usually are smaller and mature earlier (plates 1 , 2 , 13). 

PHOSPHORUS (P) DEFICIENCY 

ic Anroimtered in commercial fruit 
Phosphorous deficiency ra ^ those of nitrogen deficiency in 

rr^ ?Z::::frrc:s^horh^-^uny ohser^ed: <a, very 

young expanding 'iTme 'owr sidrof 'maL 

mentation ^ * frequently become less marked in late sum- 

mer after active . complete 

rate »' to evaluate possible phosphorus deficiency 

demands. ^ • season during active vegetative growth and, 

when possible, after insuring that the nitrogen supp y 

POTASSIUM (K) deficiency 

scoTc^ To^dtTeavrCVdu^ 

usually occur. On some appears. 

The necrotic lateral margins of the older lea y 

black in pears to various ^"his necrosis is preceded by 

light or dull gray on peaches and • 

a dull darkening or "etched" appearance of the lower 
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• ..n.l,Kuallvbv an upward curling of the leaves 

along their lateral margins unvvard curling is not so prominent 

of cherry, pear, plum, JJ""* appears on the upper sides 

of the leaf margins. A distinguishable decrease .n^se 

almost always occurs in the svinotoms are most marked late 

also develops in dry seasons, and the symptoms 



Couriesy Stw York Agricutiural Experimenl Slallon. Geneva. N. Y. 

Figure 1. Potash (K) deficiency on Halehaven leaves^From left, normal; right. 

Droeressive degrees of symptom development. 


in the growing year. On some varieties and species, chlorosis or paleness 
of color may precede necrosis from the lateral edges toward the mid- 
ribs of leaves. A heavy fruit crop usually accentuates the appearance 
of symptoms. Fruit may be small and somew'hat immature at usual 

harvl7.ime (plates 3, I 5. 6. 7, 12. 13 and figure 1). 

MAGNESIUM (Mg) DEFICIENCY 

Magnesium deficiency is characterized by inter-veinal ‘‘islands of 
chlorosis and necrosis starting between main lateral veins between leaf 
margins and midribs. This results in a characteristic ‘ herringbone” 
pattern of chlorosis or necrosis on the oldest leaves. It first appears as 
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VISUAL SYMPTOMS ON DECIDUOUS FRUIT TREES (Continued) 
a fading of green color al the terminal extremities of the very finest 
veination network on the oldest shoot leaves. These areas may become 
yellow (typical of most species) or darken, and become pigmented or 
necrotic without chlorosis. The coloration varies with variety and species 
but the pattern is fairly characteristic. The severity of the symptom 
decreases from basal to tip leaves on a shoot, and increases toward the 
end of the growing season. Early loss of more .severely affected leaves 
usually occurs and fruit may mature and drop early. Frequently V-shaped 
areas of green appear that are centered along the midribs with their 
apexes toward the tips of affected leaves. The area outside such a V may 
be yellow, pigmented, or necrotic. Symptoms frequently are accentuated 
bv potash fertilization. Necrotic areas may be nearly black in pears and 
cherries yellow to brown in apples, but the V-pattern is more typical 
of plum’s peaches, and blueberries with varying degrees of yellow, red. 
or purple pigmentation on the outside of the V's. In late stages, the 
necrotic spots may break out leaving holes in the leaves, or may encom- 
pass all leaf tissue to the margin. In the latter case the symptoms may 


-<r 



Figure 2. Magnesium 


Courtesy New York Agricu/rural Experimefit Station, Geneia, 

) deficiency on McIntosh apple. Note darker V-shape 
pattern centering on midrib- 
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C o«r,«> Sew York AgricuUural Ex,,erimen, Station. Geneva. S. Y. 

C- 1 Irr,n I Fe 1 deficicncv in young Golden Delicious apple. Youngest leaves 
Figure 3. Iron (,re) aenciency ii y t ii^avp^ Chlorotic leaves show 

are lightest in color, with progressive darkening in older leaves, cn 
are iignics aeainst pale background. 


resemble the severe marginal scorch of potash deficiency (plates 8, 9, 
lOj 12, and figure 2). 

IRON (Fe) DEFICIENCY 

Iron deficiency is characterized by inter-veinal chlorosis (yellowing) 
of young leaves at the tips of shoots. In severe cases the new leaves may 
unfold completely devoid of green color, but the veins usually turn 
green later. Green color slowly develops with increasing age of leaf and 
usually the very finest network of veins is distinctively green against a 
yellow background. Although the ultimate length of shoots may be less 
and leaf size smaller than normal, no other marked abnormality occurs 
in the shape of the growing tip. Usually no growing point “rosette" 
develops and older leaves frequently appear normal or much less 
chlorotic than those at the tips of shoots (figures 3, 4). 

MANGANESE (Mn) DEFICIENCY 

Manganese deficiency is characterized by a pattern of leaf chlorosis 
somewhat between that caused by magnesium deficiency and that caused 
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VISUAL SYMPTOMS ON DECIDUOUS PPUIT TREES (CoMinu.d) 

bv iron detidency; however, unlike iron deficiency u usually does not 

appear on young, newly expanding leaves, nor are the finest vems oui- 

norcaL inter-veinal necrosis (exeept in severe eases on some species), 

a Tr. hoih manaanese and iron, it usually causes no outstanding 

and unhk severity between the basal and apical parts of 

consistent gradient in its severiiy .-aye. where svmDtoms 

*re well developed, usually broad bands of normal green color remain 
aLathe larger veins of the leaves. 1. may be mistaken for ea ly stages 

0 magnesium deficiency on some leaves, but careful mspectton of a 

Of magnesi magnesium dehciency symptoms are 

Srio be confined to the oldest leaves. Mn deficiency symptoms are 

1 telv lo appear soon after the leaf is fully expanded, and per i t rela- 

lively unchanged Tnt'time to 

SThi'sTeSey is about when terminal shoo, growth ends (plate 
1 1 and figure 5 ) . 



Cmiffrn- > . a toll nn Uchter 

K of aople Note fine vein detail o 
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Figure 5. 


Courtesy Sew York Agricultural Experiment Station. Geneva. S. Y. 

M.„ga„=.. CMn, deEci.no, in Else,.. 
leaves on left to extreme deficiency on older leaves at rignt. 


COPPER (Cu) DEFICIENCY 

Copper deficiency, sometimes called “dieback” or witches bri^m, 
is characterized by early cessation of terminal growth and 
back of terminal shoots. Buds growing out below dead areas ultm y 
result in a bushy appearance of new growth. The leaves may be chloroti 
and small, and some species show various stages of mottled pigmentation, 
brown or bronze areas and necrotic spots in severely affected leaves. T e 
most severely affected leaves are near shoot tips. This deficiency re a- 
tively rare, probably because of the minute quantities required and the 
common use of fungicides containing copper which may be absorbed 

by the leaf. 

BORON (B) DEFICIENCY 

The most characteristic symptom of boron deficiency usually is found 
on the fruit. This occurs as internal browning and “corky” areas or spots 
in the flesh, and sometimes as cracking or “corky” tissue in the skin. 
However, in more severe cases vegetative growth is affected. Terminal 
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VISUAL SYMPTOMS ON DECIDUOUS FRUIT TREES (Continued) 



< o in 'rnnlc Internal cork in McIntosh fruits. 

Figure 6. Boron (B) deficiency ^ summer. 



£<• -.iv, , 

‘V O 


Figure 7. Boron (B) 

fall, showing 


icncy symptoms in 
internal and exte 


Coiirifsy ot .-t. B. Burrell. Cornell Univeniiy 


Oldenburg apple, about 5 weeks after petal 
rnal cork due to insufficient boron. 
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UDU, may a^T. OT fail lo : a ^ 

Terminal are no. Uis.inc.ly chloro.ic 

':;lu^"ome varia.ions in color may appear. Apples and aprico.s seem 

more sensitive than other fruits, 
and since boron deficiency usu- 
ally occurs only in certain areas, 
these fruits should be used where 
possible to anticipate its need by 
other fruit. Fruit symptoms usu- 
ally occur before vegetative symp- 
toms are apparent (figures 6, 7, 

8 ). 

ZINC an) DEFICIENCY 

Zinc deficiency commonly is 
called “little leaf" or “rosette. It 
is characterized by these features 
at the tips of new growth and 
usually is accompanied by a chlo- 
rosis which may resemble that of 
iron deficiency. However, it is 
readily distinguished by a con- 
spicuous shortening of the inter- 
nodes toward the tips of shoots 
and small narrow leaves. Fre- 
quently the leaves are bent 
sharply upward on either side 
from their midribs. In severe 
cases older leaves may fall, leav- 
ing tufts or “rosettes" of leaves at 
the tips of shoots. This deficiency 
is relatively rare in deciduous 
fruit areas except in some special 
western soils and on sandy coastal 
plains ( figures 9. 10). 



Courtesy of .4. B. BurrelU CorneM Vniversity. 

Figure 8. Boron tB) deficiency in McIntosh 
apple. Rosette and dieback; leaves are nar- 
row. thick, and have smooth rather than 

serrated margins. 


OTHER ELEMENTS 


Deficiencies of other elements essential in plant growth, such as sulfur, 
calcium, and perhaps chlorine and silicon, are extremely unusual in 
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VISUAL SYMPTOMS ON DECIDUOUS FRUIT TREES (Continued) 
deciduous fruit orchards. This probably is a result of their incidental 
application in routine sprays, their appearance in fertilizer, their general 
presence in adequate quantities in the soil, or their deposit from air-borne 

substances. 



Courtesy of R- D. Dickey and G. H. Blackman. Florida Agri. Exp. Sla 


Figure 9. Zinc 
(Zn) deficiency in 
young Jewel peach 
tree. Characteristic 
symptoms of acute 
deficiency described 
as “Little-Lear— 
crinkling, rosette, 
defoliation and 
twig dieback. 


VISUAL SYMPTOMS ON DECIDUOUS NUT TREES 

Fruits considered in this chapter under the heading of nuts are those 
generally grown in the temperate zone, namely, the almond, c es nu 
filbert, pecan, tung, and walnut. Since the almond is so c ose y 
to the peach, symptoms of deficiencies of the almond are not d.scusse 

separately from those of the peach. As far as 
described in such a way as to apply to all nut crops. ere 
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VISUAL SYFAPTOMS ON DECIDUOUS NUT „„p, are 

possible, differences in symptom expression on the mdtvtd 

emphasized. Hf>tprmine the nutritional needs of nut trees 

Use of leaf symptoms to determ j diagnosis through 

is not so general today as ere o o ^ ^ 

leaf analysis have been developed n t^he last u y 

sible to determine the nutritional condition ol many 



Figure 


10. Zinc (Zn) deficiency of 
waving and chlorosis 


Jewel peach leaves in Florida orchard. Note crinkling, 
of leaves at left. Leaf at right is normal. 


forestalling the appearance of deficiency symptoms. Nevertheless, all 
growers do not avail themselves of this technical service, and nutritional 
deficiencies and unbalances often are allowed to develop to the extent 

that symptoms appear. . , . j a 

Leaf type varies widely among the species of trees included under 

the heading of nuts in this chapter. Nevertheless, symptoms of the defi- 
ciency of an essential nutrient generally are similar enough that the spe- 
cific element involved can be determined by referring to the key to symp- 
toms of fruit trees at the end of this chapter. 
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VISUAL SYMPTOMS ON DECIDUOUS NUT TREES (Continued) 

Definite leaf patterns typical of a deficiency of a specific nutrient do 
not develop until the element has been in short supply for some time. 
The tree generally has responded to the deficiency by reduced growth or 
yield before symptoms are apparent. However, reduced growth or yield 
can result from any unfavorable environmental condition, therefore 
these symptoms are not necessarily indicative of a nutrient deficiency. 

NITROGEN (N) DEFICIENCY 

Symptoms of nitrogen deficiency in general are similar in all crops. 
As the nitrogen supply decreases, the color of the leaves changes progres- 
sively from dark to light green. Since other nutrient deficiencies, as well 
as certain infectious diseases may induce yellowing of leaves, it is impos- 
sible to say at any particular stage of loss of green color that a definite 
deficiency of nitrogen is indicated. The symptom may develop at any time 
during the growing season, depending upon weather conditions and the 
level of avaUable nitrogen in the soil. The leaves of severely deficient 
tung trees become yellow and may develop a bronze coloration on their 
under surfaces similar to that occurring on the leaves of zinc-deficient 
trees. In most nut trees, the areas of leaf blade adjacent to the larger 
veins retain their green color longer than the inter-veinal tissue. 

If signs of nitrogen shortage develop very rapidly and are extremely 
severe, the older, basal shoot leaves may develop extreme symptoms 
while the younger leaves show varying degrees of loss of green color. In 
milder cases, leaves on the whole tree may gradually become lighter 
green. Severely deficient leaves may develop necrotic areas along their 
margins, and in pecans and walnuts the leaflets may drop from the rachis^ 
Reduced shoot growth and yield, and sometimes small and poorly filled 
nuts result from a deficiency of nitrogen in the edible species. In tung. 
a reduction of nitrogen insufficient to induce leaf symptoms will result 
in a reduction in pistillate flower differentiation and a consequent reduc- 
tion in the succeeding year’s crop (plates 14 and 15). 


PHOSPHORUS (P) DEFICIENCY 

Although nut-tree species, especially tung, respond to phosphorus, 
the appearance of symptoms of phosphorus deficiency is almost unknown 
under orchard conditions. Symptoms, however, have been induced 

both pecan and tung trees growing in sand cultures. 

Tn pecans, new shoots on phosphorus hungry trees are very ^ 
and the leaves are bright green. As the deficiency becomes more acute. 


deficiencies in deciduous tree fruits and nuts 


303 


,.afle,s K-co,,.. .uU 

necrosis occurs bctrvc-en the sccr d ,|,c cachis. This 

^crohrct^au-lr;! 0,14 Mahers 

"‘idic::;t:;trri,i:r;T„ as reduced .row.,, 

Induce p _ P , ^ aliuosr blue-green, color of 

”s AsThe delllnl' becoures more severe, .he nrldrihs and veins 
on The tower surfaces of '.he leaves and .he pe.ioles beconre redd.sh 

purple. 

POTASSIUM (K) DEFICIENCY 

The most typical symptom of advanced potassium deficiency gencrall) 

. a mar'nallLrch.^In tang, this is also typical of ^^vanced magne.um 
deficienev. In most tree-nut species a chlorosis precedes e ^ 
marginal' leaf tissue. This chlorosis is typically more general than 

described for magnesium defi- 
ciency. Often, the earliest symp- 
tom of potassium deficiency is a 
recurving of petioles and a droop 
ing and rolling of leaf blades 
which give the affected tree an 
appearance of w'ilting though the 
leaves are completely turgid. 

When this deficiency is severe, 
premature defoliation may occur, 
generally beginning at the tips of 
the shoots. This is in contrast to 
earliest appearances of symptoms 
on the basal shoot leaves. In 
tung, fruit still clinging to leafless 
shoots is a typical symptom of 
severe potassium deficiency. At 

this stage of development in tung, potassium and magnesium deficiency 
symptoms are difficult to distinguish. In pecan, poor filling of the nuts 
results from potassium deficiency, and in both pecan and lung, low oil 
content of the fruit and predisposition to cold injury characteri/e po- 
tassium deficiency (plate 16 and figure II). 



Courtes'. of V S Dept, of .Agri., BoKalusa. La 

Figure 11. Polnssium ( K. ) deficiency ^ of 

inler-veinal and marginal 
necrosis. 


lung. Note 
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VISUAL SYMPTOMS ON DECIDUOUS NUT TREES (Conlinved) 

magnesium (Mg) DEFICIENCY 

Magnesium deficiency, in its later stages, is characterized by a marginal 
Jurch The first symptoms are a lighter green color along the mar- 

gins and between the secondary veins of the leaflets in pecans, and of the 
^ 1 of Ki«rlP in tunc In pecan the whole tree may present a lighter 

gr^en color. In tung, the affected portions of leaf blades take on a gray- 

an exSrtnced diagnostician may have difficulty dtstmpishmg potassmm 
fromTagnesium deficiency from symptoms alone. 1 the deficency of 
magnesium is mild, symptoms may not appear unf late m the all and 
may progress no farther than the chloroUc stage (plates 17, ). 

CALCIUM (Ca) DEFICIENCY 

Leaf symptoms of calcium deficiency have no, been observed on an, 
tretnu, species under orchard conditions. On some of the deep sand, 
sSu of the southeastern coastal plain on which some tung is grown this 
croD has responded to calcium as a plan, nutrient. Where any symptoms 

have been as characterized by burning of leaf margins 

app ica ’ resulting from a deficiency of magnesium. Neither symp- 
r c^eln nr irpTOved yield, however, has resulted, in the. cases, 
from applications of magnesium without calcium. 

IRON (Fe) DEFICIENCY 

between the veins Of^iTsymptoms" those of iron 

rciiraTrih": :"U once 

can be recognized on any P^^n. on which .ay 

A chlorosis identical with t _ ^ available iron 

result from a number of „ zjj induced chlorosis), ex- 
cess copper, excess phosphorus^ and of iron 

salts to the soil will not bring about recovery. J f P ^ about 

solutions of soluble iron compounds to affected leaves may bring 
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1 Kv . orrt'ction of the '.oil condition rcspon- 
.cmp..r^r> “l^erv W obtained. .Mlhoueh iron chlorosis in 

„n,c , \\“;:Led by the layman, the services of a plan. 

XJldos^are neces'sary to diaenose the underlying causes and recotn- 
mend torrecti\e measures (plate 20). 

manganese Mn) DEfICIENCY 

issfTt'.iranpv alreads describied for decid" 
nor;:r.Terrpp,yrrnTspecies on uhich this dehciency has been 



I igurc 12 


r M R II sh^rp,. riortJa 4 <r,cullur.,l f xpertmrnt Station 

Woitsc-car of pecan caused b> deficieno of manganese (Mn). 


observed i tigures 1 b and 17 ). vsith the exception of the pecan. On pecan, 
the delicioncy is characterized b\ a mallormation described as inouse 
ear.' »'r "little-leaf A shortening of the mid-vein of the leaflets changes 
ihe tips of the leaflets from pointed to rounded and the leaflets become 
slightly wrinkled and more-or-less cupped. In severe cases, the entire 
leaf is much smaller than usual t plate 19 and figure 12). 

ZINC (Zr.t DEFICIENCY 

Zinc deliciencv symptivins are variouslv described as “rosette in pecan, 
"velliFvvs ’ or "little leaf' in walnut, "little leaf in almond, and bronzing 
in tung. Zinc deficiency in pecan is indicated in its earliest stages by a 
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VISUAL SYMPTOMS ON DECIDUOUS NUT TREES fContinued) 
vellosvish mottling of the leaves, particularly in the tops ot trees, .^s 
1 0 deltcienev adCances. the leaflets become narrowed and crmkled. and 

later, red is , . ,vnical of /inc deticienev on walnut and almond. 

pi-. !l,or,cnm. or inicnodc- rosul.inj from cl,cck,nt o, no. nro.,1, 
c.uoc- tbc lobago lo h.o. .. bunoboO 

acteristic. Though trees are rarely 
killed bv rosette, severe dying 
back of the current year's growth 
ma\ occur and the pruning effect 
of this die-back may cause the 
trees to leaf out earlier in the 
sprine with larger-than-normal 
leaves. B\ late fall, vrhen deli- 
cienev s\nipi^^nis aie at their 
worst, the tiees m.iv hii\c a rusi\ 
or bron/cd appearance. 

In tung. /inc dcflcicncs first ap- 

pe.irs as wa\\ margins of leaves. 

and as a malformation of the 

voungci lea\cs in which I'lie 

of the Ic.if bl.idc is siiiallet th.iii 

the olhci. Such a leaf ciir\es 

vcnini.’ci U-.M- v i : ni.iieni' > —v. (,,w.llds its siiiallei halt, going It 

icoi-saric n.dr.M.c nssi'v ^ sh.ipc In se\cre cases. 

.1 iv • iv whole trees e.iusine them to dcsclop a one- 
this UIKSSII .1 .1 chlorosis of an oloc-giccn sh.idc d.- 

stdcil appc.n.HKv i ^ huilmncs. the linvci Mirtaccs of 

vclops and. .IS ilie scvciits >'1 t is s issa s .. i,, h the n imc ■'bioii/- 

. 1 , .L.- ..n 1 iHiiphsh bum/c east trom wliuh tlu nanu 

the leaves t..ks .ni . 1)111 ,pots o.cm at random over 

,„i: ,s taken InsMun ,,,,,ptoms usii.dlv do not ai^ear 

entire leal sinl^ues In mature ee . suseepuMe to evkl 

|,„0 /nw .l-'K..nl .ung boo. .u. -1 

ibini.ioo I pbilo. .'I - - -bid biui. 11 

boron ft 01 fU UNlO 

Ol hoioii slcluicncv have been 
,... the disoidei occnis niutei oichaid soiu i u 

■% .lie ch.n.Kien.ed bv vw..L. 
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Reformed twig growth having short internodes and deformed leaves. 
Soots with rudimentary leaves, or leaves at the tips only, develop in the 
wps of trees. These sharply carved shoots may die during the following 

winter. It is from these dead, de- 
formed shoots that the designa- ^ 

tion “snake head” is derived ( fig- 

ure 15). 

COPPER (Cu) DEFICIENCY 

Copper deficiency under or- 
chard conditions has not been de- 
scribed on any nut species except 
tung and walnut. In tung the most 
characteristic symptom of copper 
deficiency is a “cupping” of the 
terminal leaves produced by the 
upward curling of their margins. 

Inter-veinal chlorosis and mar- 
ginal burning of affected leaves 
usually is followed by necrotic 
spotting of the inter-veinal areas. 

Growth of unaffected portions of 
the leaves causes the dead mar- 
ginal and inter-veinal tissue to fall 
away giving the leaves a ragged 

appearance. These leaves fall prematurely. The symptoms may develop at 
any time during the growing season and, sometimes, trees showing 
early symptoms may outgrow the disorder. In severe cases, the growing 
points of shoots may die, thus stimulating the growth of lateral buds 

(figure 14). . 

In walnut, leaflets turn yellow and may show scorched areas late in 

the summer. These leaflets fall early. Dark brown dead areas appear on 

the bark of new shoots which may die back in late summer or early fall. 

The shells of nuts produced on affected trees have a chalky appearance 

and the kernels often are badly shriveled. 

In both tung and walnut, copper and zinc deficiencies may be asso- 
ciated (plate 22), 



Courtesy of U. S. Dept, of Agri., Bogaiusa, La. 

Figure 14. Shoot from copper (Cu) de- 
ficient tung tree. Note upward cupping of 
terminal leaves, marginal cracking and 
inter-veinal puckering of older leaves. 
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Couriesy of B. J. Dippenaor. Department of Agriculture. Pretoria. South Africa 

Figure 16. Manganese (Mn) deficiency on chestnut. 
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VISUAL SYMPTOMS ON DECIDUOUS NUT TREES (Continued) 



Courfesy of E. F. Serr. University of California, Davis, Calif. 

Figure 17. Manganese (Mn) deficiency on Persian walnut. 
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befioencies in deciduous teee fruits and nuts 

,o NUNIFNI RFFICIFMCT ttmno.s o, ofciRUOOS »ir -o nuts 

•fir nutrient deficiency symptoms on fruit an showing deficiencies usually 

”ThrpS*SF“i«'''"F 

mJi.Ti.Pes o' Ue-elopPreP' on mUi..du.l .IT~ie<J PN"'* ot lndi»i<luN 

ISIT*" rniTJTfoToTeliJiT^^^^^ ° 

.pother. , guide for prelimm.ry ideniificUon. .n*' "p.' 

reSjei'ihoTu" SrT.lo To^e SlillJ description, o, .ynrp.om. In 'he .nl 

variations between species. 




A. 


symptoms generally appear first on older leaves. When youngest leaves 
are affected oldest leaves usually are falling. 

ar.anec T-hInrosis or necrosis between main lat- 

B. f'l-^'^f'^^.'SfsuggLt a herring bone pattern. Leaf margins not 

rffccJed in early s'tiges. Sometimes ^-shaped green amas appear 

ard leaf tips. Leaf size may not be attectea 


with apexes tow 


. Magnesium 


B. 


Leaf margins first affected, showing discoloration_nea|^ upper^or 


Zinc 


llcr latcral edge: leave laterally 0“'“"= 7*"tgN "ctos" 
rrorrrral. Marginal necrosis may be preceded by slight chlotoa . Potasslotn 

Marginal scorch 

A Symptoms generally appear on youngest leaves. 

B Young leaves chlorotic; veins remain green. 

r Internodes markedly shortened near tip of shoot producing 
rosettes of small chloratic leaves. Older leaves may appear 

bronze and fall easily • • • * * ‘ ’ 

C Internodes not markedly shortened near tip. Fine ace i ^ 

work of leaf veins green. Youngest expanding leaf may b 
devoid of green color. Leaves acquire some green color with 

increasing age ■ * i J- 

C Tip leaves chlorotic, main veins green, shoot tips frequently le 
back and new' shoots grow out from low'er buds producing 

dieback and * • 

B. Young leaves not chlorotic or only slightly so. 

C. Young leaves may be curved boatlike; shoot tips may be curved, 

terminal buds aborted and new shoots die back. Boron 

C. Midribs of leaflets shortened, tips rounded, wrinkled, and 
cupped 


Copper 


Molybdenum 



Symptoms generally appear on any part or all of plant. 

B. Leaves small, uniformly less green; reduced growth. 

C. Leaf petioles, lower side of main veins and young shoots show 
purple pigmentation during early stages of growth. This pig- 
mentation may disappear later in season and leaf color im- 
prove — . . A * 

C. No marked pigmentation. Pale color may become worse with 
increasing leaf age 


Phosphorus 

Nitrogen 
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B. No marked reduction in leaf size. Pale green color between main 
veins with large lateral veins showing broad band of green. Very 
fine veins not distinguished. Increasing in severity late in season. 
Young expanding leaves usually do not show symptoms. Chlorotic 
pattern somewhat between that of magnesium and that of iron . . 


Element 

Deficient 


. Manganese 


Boron 


A. Symptoms principally on fruit. 

B. Young fruit show corky lesions. Frequently internal necrotic spots 
in fruit or internal cork 

Note: Molybdenum deficiency is not common enough on deciduous fruit for the symptoms 
to be well defined. 

Calcium deficiency is usually not clear-cut under field conditions. When soil condi- 
tions are such as to produce calcium deficiency, other deficiencies are usually so acute 
ts identity becomes obscure and of secondary importance. Norma ly the hmmg o sods 
physical conditioning. pH control and its effect on the avadab.l.ty of other nutnents 
is nLessary before calcium becomes deficient as a nutrient. Thus, although the symp- 
toms can be readily produced in artificial culture their recognition in the field is relatively 

unimportant. 

CORRECTIVE MEASURES 

Once a nutrient deficiency is recognized, the obvious corrective measure is 'o provide 
this nutrient to the tree. Unfortunately, identification of a symptom does not tel how 
much nutrient is needed, but the degree of seventy of the symptom rnay be used as a 
guide Since efficiency of fertilization varies greatly with many soil and climatic factors, 
fhe iaS necessary to achieve the desired result can be determined only by trial or 

making use of local experience. 

rienerallv sneakinc. the following rules apply: 

The major nutrients, nitrogen, phosphorus, potassium, calcium, and magnesium, 
being required in relativelv large quantities by most plants usually are most effectively 
nnnlied as fertilizer to the' soil surface. Of these nitrogen and potassium are most rapid 
Taal aXSo™ u«,all, i* slow.,, beca.„e of JiBer.ac.. I. r«« .. wb,ch th., 

'"^Nfirticen is easily lost fr.sm the soil and usually is required annually m fenilizer 

SjrKeS^yi^fmS- :Sen‘i° -V "■« 

minor nutrients iron manganese, zinc, copper, and boron, are required in very 

r “ T-siis “1^ irsf - is; 

ever, the =>re tied up in many soils 

tcnancc cycle is eslahnshc.d. bomt c there is some evidence 

and arc difficult '^0 this'’barrier'’whcn biologically incorporated in plani 

“ 

ihroii-h ihe reliirn of leaves to the soil together with cover crop rcMdue. a 
cveic of •organically chelated" forms of these elements may be establishcc. 
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Co„r,ess of Se.- York .^gricln.ral I xrcrin.enI Station. Geneva. A'. V. 

Plate. 1. Nitrogen ,N K deficieno on golden Delicious apple^No.e uniform pale color, smaller 

leaves and short shoot growth. 



Counesy of New y'ork Agricultural Fxrerimcnt Station, Geneva. N. Y 

Plate 2. Nitrogen (N) deficiency on Halehaven peach (left), healthy (right). 
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C ourtesy o/ A>vv York A^riculturul Experiment Station, Geneva, *V. Y. 


Plate 3. 


o t u \ deficiency on Golden Delicious apple. Note increasing severity of mar 
' dnaUcorch tS bLe of shoots, smaller leaves and reduced growth. 



E.renn,e,U Su...on, 

.Mate 4. Potash (K, deficiency on Ha.ehaven peach. Note 
toward base of shoot, upward curling of leaves, smaller 
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Plate 5. 

marked 


Potash (Kl deficiency on pear. Potash treated trees 
upward curling and the brown etched appearance ot 

the lateral margins (right). 


(left); note small !ea\es 
the lovser leaf surtace at 
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4 . 

. I h nriHi.' t.iccn loaf at loft an^l top row ot 

|.|.,ic .. 'K 1 .k»..cn,> .'.I ' 
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Courien of ,V^u. York A^ricuUun.l Experimen, Suuion. Geneva. S. Y. 

>la.c 7. Potash ( K . ' lo^r ^T.r!L«r neaf^he'ILral 

inward curling ot leaves, ana me cn-ntu 
^ margins. 



Plate 8. Magnesium (Mg) deficiency on McIntosh apple. Note pattern of inter-veinal chlorosis 
and increased severity on older leaves. Severely affected leaves defoliate easi y. 
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Courtesy of Xew York Agricultural Experiment Station. Geneva, A. Y. 

Plate 9 Macnesium ( Mg) deficiency on Halehaven peach. Note herringbone pattern of chloro 
sis !nd necrosis developing between lateral veins between the m.dr.b and the leaf marg.n. 



l^ialc 


i \r WnrL Ai’rirultural Experiment Stati(*n, (icnevu, A J* 
( i jiir/£*.vv’ of A t’H" I orK .-igncuiianit «-.v/ 

10. Magnesium (Mg) deficiency on flalehaven 

on shoot. Note V-pattern of green, inter-veinal chloros.s tollovvcd by 
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Plate 1 1 


Courtesy oi .V.h- York A.ricuUural ExperUn.n, S.a.ion, Geneva. Y. 

K, rMnl deficiencv on McIntosh apple. Mature leaves. No|e area of green 

main aai 
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Conriesy of New York Agricultural Experiment Station. Geneva. N. Y 


a‘'b Is K°aS'Mt?rfcr,«t'^No."^3”“a»"s.'“.«r.S^ 
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Courtesy o/ jVeu- York AKriciiItural Experiment Station. Geneva, N. Y 


Plate 13. Combined potash (K) and nitrogen (N) deficiencies on C, olden Delicious apple. 
Upper row Nitrocen deficient. Left— from tree with adequate potash; right i4 leaves) from 
I;ee deficient in potassium; lower row; Nitrogen adequate. l.cft-from tree with adequate 
potassium- ri‘’ht— (4 leaves) from high nitrogen tree, deficient in potassium. Note the less.r 
nTaruinal scorch and more chlorosis on potash deficient leaves with high nitrogen supply. 



Courte 


vy fj/ A. C. Gossard. U. S. Dept, of ARri.. Meridian, Miss. 


Plate 14. Nitrogen (N) defi- 
cient pecan tree. Note the 
yellow-green color of the de- 
ficient tree in contrast to the 
dark green nitrogen-sufficient 
trees in the background. 
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Plate 15. 


Nitrogen (N) deficient 
nitrogen (right ). 


O/ t’- S- Uera't"“‘"' '■/ ■ifricitUure. Bogatusa. La. 


ti.ng tree (left) in comrarison with tree receiving adequate 
These svmDtoms produced in sand cultures. 




ft 4 ‘ f 

' ■ 




Plate 16. 


W 

a%-' ;h 

Ciyunesy of . 1 . i . Go.^y.tni. I S Unuirtment of AKriculturc. Merulinn. Miss. 

Pecan leaves shov\ing leaf scorch due to potassium (K.) deficiency. 
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Plate 17. Pecan 


Courtesy of A. C. Gossurd, V. 5. Department of Aftriculiure, Meridian, Miss. 

leaf showing marginal and inter-veinal chlorosis due to deficiency of mag 

np^iiim fMiz). 



Courtesy of U. S. Department o) AKricaltare. Boxalusa. La. 

IV deficient shoot of tung. 
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Plate 19. Manganese (Mn) 


Courte!^y o/ V. S. Depart, nem of Agriculiare. Bogahisa, La. 

Chlorosis of lung. Compare this symptom with that of iron de 

ficiency (plate 20). 



Couriixy of U. S. Derorinient of Agriculture. lioKolusa. La 


Plate 20. Iron (Fe) chlorosis of lung. This symptom 

the leaf hut does not necessarily indicate a lack of iron in the soil. In this case, iron dctic > 

was induced by a lack, of calcium. 
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Cnitrtesy -t C iioss,iul. t \ "> I ‘.■rinJiure. U. riJum. Mhs. 

Plate 21. Pecan shoot showing loseltea terminal leaves resulting trom a dcftciency of Zinc (Zn) 
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stem) tinslysis is used to usstiy the nutrient status of grupes, bectiuse 
grape roots penetrate to soil layers not included in ordinary soil samples. 
Not enough information is available to establish reliable judgment con- 
Qgfpifjg the use of soil or foliar analysis in diagnosing nutrient problems 
in blueberries and brambles. Nevertheless, chemical analysis of soils 
and foliage are valuable tools of scientists and both can be used in 
approaching nutrient problems through research. 

STRAWBERRIES 

Strawberries are grown on a wide variety of soil types and under 
many different climatic regimes. It is a tribute to the excellent manage- 
ment of those who grow strawberries that nutrient deficiency problems 
are not so serious as with some other crops. This does not mean that 
when difficulties occur they are not troublesome, but because of high 
production costs, strawberry growers, through fertilizer programs, try 
to avoid nutritional problems. The strawberry plant is relatively shallow 
rooted and most commercial growers provide their plantings with 
irrigation. This allows the grower to manage his fertilizer program to 
an extent unknown in some other crops where rooting is deep and where 
rainfall is the only means of carrying fertilizer to the roots. 

Strawberry growers also are prone to use their best soils and sites 
for the production of this crop; returns per acre make the use of the best 
situations worthwhile. But even under these conditions nutrient deficien- 
cies sometimes occur and their early detection and correction is important 
to protect the sizeable investments that usually are involved. 

NITROGEN (N) DEFICIENCY 

Nitrogen deficiency is the only plant nutrient shortage that can be 
said to affect strawberries in every region where they are grown. Line- 
berry and Burkhart ( 8 ) report that new leaves of affected plants become 
yellowish-green or lighter green while other foliage develops a red color 
at the leaf serrations. Loss of vigor also is associated with lack of nitrogen. 
In severe cases the foliage becomes distinctly yellow, the older leaves 
turning red. As nitrogen deficiency advances the older leaves become 
light yellow and small necrotic dead spots appear. Advanced cases of 
nitrogen shortage rarely are found in the field because supplementary 
applications of nitrogen fertilizer quickly correct such deficiencies w en 
irrigation or rain moves this nutrient into root zone. 


DEFICIENCIES IN 


SMALL FRUITS AND GRAPES 
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PHOSPHORUS iP) DEFICIENCY ^ 

A ,eHc.e„cy of phosphorus in — 

:,rpor„n„r^ 

or bluish-green color ot the poor development. 

Looking a, a held of s.rawberr.e n fhe '-^8= poo, 

ciency. .he 8™^ f ^/o^^ade does no. fake on significance until 
^^r rel^pnyen: H noticfabie. In later stages of th.s deficiency a bronze 

or purple coloration develops in ^ allowed by a maturing 

Correction of this deficiency ,n the short time “"^' oir Every eftor* 

crop is difficult because ^ pj^plant applications of 

should be made to prevent its appearance oy p f 

phosphorus fertilizers where needed (plate 1). 

POTASSIUM (K) DEFICIENCY 

Potassium deficiency in strawberries as observed »y '-’"^ts "to 
Burkhart ( 8 ) gives rise to a marginal necrosis which causes leaflets to 

gradually roll upward and inward. On the Blakemore variety, the inter- 

"fight green\o yellow, but on the Ts 

iust below the leaflets became necrotic and the midnbs of the leafl 
became purple. Iwakiri and Scott (6) who used the Temple variety in 
potassium deficiency tests observed a marginal chlorosis on u y e - 
panded leaves followed by inter-veinal chlorosis (plate 2). 


magnesium (Mg) DEFICIENCY 

Deficiency symptoms for this element do not often appear in the field. 
Lineberry and Burkhart ( 8 ) report that under controlled conditions a 
downward and inward roUing of yellowish-green leaf margins occurs. 
In advanced stages they observed a yellowish-orange inter-vemal colora- 
tion. Iwakiri and Scott (6) working with sand cultures, report tnat ear- 
liest symptoms of magnesium deficiency appear in an mter-veinal chloro- 
sis of the older leaves. In later stages they observed bands of reddish- 
brown coloration around the edges of the leaves, some leaflets having dis- 
colored areas near their margins (plate 3). 


CALCIUM (Co) DEFICIENCY 

Calcium deficiency, as such, is not known under field conditions. 
Calcium in the form of lime is used for soil pH control. Sometimes pH 
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problems and calcium deficiency are confused. Amounts of calcium 
used for pH control usually are more than adequate for the nutrient 
requirements of strawberry plants. When grown at low calcium levels 
under sand culture strawberries were observed by both Lineberry and 
Burkhart ( 8) and iwakiri and Scott (6) to sufler from tip bum of young 
leaves. Although tip burn is associated with a low level of calcium in 
the soil, it also may result from low levels of other cations and may 
not be a reliable symptom of calcium deficiency. Tip burn of straw- 
berries in the field is evidence of a nutrient problem; hence calcium, 
^agniil. and pemssium level, of ,he soil should be cheeked. 

Under sand culture conditions, calcium deficiency has caused leaves 
of strawberry plants to lose their luster and to suffer from inter-vemal 

chlorosis and slight marginal necrosis. 


BORON (B) DEFICIENCY 

Boron deficiency symptoms in a strawberry field can be dramatic 
because they cause dwarfing and distortion of plants and fruits. The 
problem of boron deficiency should be approached with great care, 
because the strawberry plant is rated as boron sensitive and toxicity 
from an excess of this element can be as serious as deficiency. Where 
boron is suspected of creating a problem, growers should consult their 
local agricultural agents or qualified personnel at agricultural experiment 
stations. In general, when strawberries follow a crop fertilized with boron 
they will not require added amounts (plate 4). 


IRON (Fe) DEFICIENCY 

Iron deficiency is a problem in strawberries when they are grown on 
alkaline soils. The leaves become chlorotic and the plants are stunted^ 
Repeated iron sulfate sprays or applications of iron chelates to t e soi 
will relieve the deficiency. Fungicides containing iron are reported 
have produced similar results. Strawberries grown on good agncultu 
soils within the pH range of 5.5 to 6.5 should not suffer from want of 


iron. 


COPPER (Cu), ZINC (Zn), AND MANGANESE (Mr.) DEFICIENCIES 


Deficiencies of these elements are rarely detected in 
under field conditions. Copper deficiency causes the 

produces a pronounced red discoloration in stems and leaf peho esji 
deficiency, an affliction which appears similar to copper de 


331 


DEFICIENCIES IN SMALL FRUITS AND GRAPES 

. ^ not nroduce the red discoloration of stems and 

strawberry plants does not p narrower than normal. 

pe.io.es bul. .o a degree^ ‘‘'“rroduce ' le!r,vn.p.oms similar .o .hose of 
Manganese deficiensj also p - causes developmen. of small 

copper shor.age in ^cpm on soils of high pH or 

crinkled leaves. This dehciency is apt to occur 

where too much lime has been applied. 


blueberries 

The cul.iva.ed highbush bui 

quite different from most other agricultura c p^ ' deficiency 

causes problems in mineral nutrition e ^ deficiencies difficult w'hen 
symptoms. It also makes cormction of these defi-enci s 

blueberries are grown on soils that do not. unaer 

meet this low pH requirement. 

nitrogen (N) deficiency 

Nitroeen deficiency in blueberries is expressed in reduced growth, 
a sy, ™pL. common .o many dehcicncies. .he basal leaves .urn.ng 
vellowish-^reen. As the symptoms become more seyere. en ‘re p 
take on a yellowish-green color and growth is definitely stunted, ‘ng 
, n rTporL that shoots arising from the base of nitrogen deficien plant 

haye a distinct pink coloration. These shoots quickly changed to g ^ 
ereen when growth stopped. With extreme nitrogen ^ 

;iso noted necrotic spots over the entire surfaces of basal eaves Pl^te ^ 
Cain (^) suggests that ammonium nitrogen is preferred to nitrate 
nitrogen in the nutrition of blueberries and ammonium nitrogen may 
be associated with iron nutrition in the plants. 


PHOSPHORUS CP^ DEFICIENCY 

A dark areen or purplish-green color of blueberry foliage is associated 
with phosphorus deficiency, and the leaves take on a leatherv’ texture. 

Amlinc- ( 1 ) reports that the darker green or purplish-green color is 
not confined to mature leaves but also is exhibited by growing tips. Light 
affected expression of symptoms in his work: high light intensity resulted 
in purple coloration and shading caused it to disappear (plates . , 6, 10). 

POTASSIUM (Ki DEFICIENCY 

A deficiency of potassium in the growing medium of blueberries 
results in necrotic spotting and marginal scorching of the leaves. These 
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symptoms appear first on the older foliage. Kramer and Schrader (7) 
point out that symptom expression of potassium deficiency is complicaicd 
by periodic “abortion" of terminal growing points. I hey teel this is the 
reason why severe deficiency symptoms, already described, appcMrcd 
first on the older leaves of deficient plants while interveinal chloiosis 
appeared later. The inter-veinal chlorosis appeared on new growth arising 
from auxiliary buds stimulated to grow by the death of terminal buds. 

Amling ( 1 ) working with blueberries grown in sand cultures supplied 
with nutrient solutions did not observe potassium deficiency symptoms 
in the foliage of plants until six weeks after treatments vvere initiated 
During the first four w'eeks after treatments started, the plants were 
supplied 26 parts per million of potassium and then no potassium was 
included in the nutrient solution. Kramer and Schrader ( 7 ) developed 
foliar deficiency symptoms of potassium much sooner in their studies 

with blueberries (plates 5, 6). 

CALCIUM (Co) DEFICIENCY 

Literature concerned with foliage deficiency symptoms of calcium in 
blueberries seems very inconclusive. Kramer and Schrader (7) report 
symptoms similar to those induced by potassium deficiency, and Amling 
( 1 ) reports a slight yellowish-green blotchiness of terminal leaves. In 
a different experiment he noted a marginal chlorosis of the tip leaves 

and a tendency toward rosetting. 

MAGNESIUM (Mg) DEFICIENCY 

Of all the nutrient problems of blueberries, magnesium deficiency 
appears to be second only to that of nitrogen and possibly is more tnmble- 
some. Nitrogen deficiency is rather easy to correct but magnesium e i 

ciency offers some special problems. u v. v,f 

Magnesium deficiency in blueberries can be recognized by t e '''t' 

red leaves of afflicted plants. Coloration of their submarginal inlerveina 

areas is in strong contrast to the green which prevails along their midribs 

These green areas take on a “Christmas tree" form. Other symptoms 

occur, such as necrotic (dead) spots and shades of yell^ow or ^rown m 

place of red, but for the most part, in the field, the red coloration 

“Christmas tree" green areas of leaves are characteristic symptoms 

^^U^canTe'^^corrected by applications of 

to the regular fertilizer mixture which is applied annually to blueberr. 
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p, anting, .n Cher ^ricuUnra, crop. dCo^ric — 

re:S = all1rpTnr^ ^rained ,p,a.. 3, C S. U>. 

boron (b) deficiency 

Boron deficiency in blueberries is o„„g growth. Kramer 

terminal leaves followed by a mottled spotting of young gro 



Courtesy ol iVe» York Agriculiurat Experiment Station. Geneva. N. Y. 

fer: becir grfeT.n ca^rA^annitS 

ficiency is severe (C and U). 

and Schrader 1 7 1 also noted some leaf distortion but this does not always 
appear. Amling I 1 I reported that tip leaves ceased to enlarge but ma 

no comment on leaf distortion. 


IRON (Fe) DEFICIENCY 

An inter-veinal chlorosis of the younger leaves may indicate iron 
deficiency in blueberries in the field. This disturbance is not necessarily 
related to low amounts of iron in the soil, but often occurs in blueberry 
plants growing on mineral soils where the pH is higher than optimum. 
The disorder can be corrected by soil applications of iron chelates or 
repeated spraying of the foilage with iron sulfate. Iron chelates are com- 
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plex organic compounds that carry iron in a readily available form 
(plates 7, 12 and figure 1 ). 


SULFUR iS) DEFICIENCY 


Under ordinary conditions sulfur deficiency is not expected to appear 
in geographic regions close to industries or large populations. In these 
areas the atmosphere usually is supplied with rather large cjuantities of 
sulfur, and enough is washed down into the soil with rain to prevent the 
appearance of sulfur deficiency in plants. Also, use of 20 percent, single 
strength, super-phosphate in fertilizer supplies sulfur to cultivated crops. 
Kramer and Schrader (7). working in sand culture, found sulfur de- 
ficiency symptoms in blueberries to resemble those of nitrogen deficiency 
but the yellow color was more bleached in appearance and turned to 

faint pink in later stages. 

BRAMBLES 

The information presented in this section applies to members of the 
genus Rubus that are grown commercially, such as red. black, and purple 
raspberries, and blackberries. All brambles are biennial in nature. The 
first year they produce canes called “priuiocanes and. in general, these 
do not bear fruit. Some varieties produce fruit on terminal branches 
at the end of the first year. The second year, the same canes produce 
fruit and are called “floricanes." The primocanes should be observed 
closely for nutrient disorders. They must be kept in the best nutrient 
condition, because any restriction in growth is likely to cause a reduction 
in dormant flower buds produced in the fall; thus, a decline in fruit pro- 

duction the following year may occur. 





ment of red coloration in the leaves. 
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oivvcrLcd b> Kanig aiid XandetaveNC 


( IU» on red raspberrv lea\e^ 

reduction in leat 


^cfc ^ i^nt I bc\ also noiw'J a 

w^hen pho^plwiuN v^aN uencienu i »c^ 
and a curling and >tiffening of the leaves. 

fOTASSlUM * DCfiCItNCT 

‘‘^t.c'icCt'^rb^a^u'bl^'vva^^ pigin'eniation of 

!r4hvn ridgr. of 

ux>k on a bron/cd appearance and area, of dc t>^omc stiff. 

acueno cau.ca .h. arc. o, 

:^r;;cr"r-i=- - — 

CAlCiUM >Co‘ OCHCi€nCV 

k 1 iv»^*n rerK>rtcd in brambles under field 
C ulcumi dcncienc) never has been rep^ ncsssibililv of 

u.iid,La.n. 1 .me appheJ for pH control rolcc or^t »>' • 

m ccn^r ,1 hme no. applied a. bramble field.. C alcium detjcrency 
enuU be a Held problem and the symptoms observed by Ramg and V ande- 
™ce , it),, uorlcne u.rh rod ra.pberrre. rn orlulion culture, may help 

to d,aen....r>» the pr,.blem They t..und reduction in leal ../c 
hardemn.* .^md vurli.ne to be above-ground svmpioms. while at the 
mne deMh of r«r, tips occurred \reas immediately behmd dead root 

swollen with growth of new rornlcts fomting compact masses 
H^'ler workim: with calcium dcticient dewberry plants, found 

IHiemal and .nrcr-vemal chloroci. of the leaces. .he younp leaves and 
terminal portioms of canes being affected. 

GRAPES 

C'fHiimercial production Lif grapes in the tnited States is com 

plctclv restricted to three species- I'/fo lohnnea. I', romndifo/m and 
y vhuura S..me overlapping of distribution prevails because of differ- 
ential adaptati.ms to climatic conditions, but commercial plantings of 
each species are restricted in gcner.il to separate geographical areas 
within the I nited States Thus, hybrids marked by I', lahrusca, with 
the Concord variety as an crample. cover the N’orlheast as far south as 
StTuth Carolina arc spre.id through the Midwest along the southern 
shore of l.akc Frie. and are found in parts of Washington and Oregon 
in the Pacific Northwest I' rotimdUoUo dominates plantings in the 
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soulhea.tern pari .>t the counlr). trv.m \ .rgin.a U. the Luv^er M. si^sipp, 
Valiev. C^ver 90 percent c-1 the acreage ot 1 vinifiru. the nu^i important 
and vMdely planted species in the v.i)rld. is concemrated sMlhm ilic stale 

ot Calitornia vsith the remaining acreage mostly in An/ona 

Although these three grape species diller grcatl> Irom each other, 
particularly in nature ot fruit, present knoss ledge indicates that thes are 
quite similar insofar as visual .symptoms ot nutrient deticiencics .shich 
Ly develop arc concerned. I herefore. tm the purposes ot diagnosis, 
the discussions svhich folkm apply to all three species except for a less 

noted variations. , . i 

The mineral nutrni.m Mams ol a plant Irom Ihe slanilpoml ol a par 

neular clement may be desenbeU as fall.np inn. one ol lout elassrhcalmns 

I 1 , The plant coneernej may eontain a much htghe, than neeessary 

antount ol the patticalar nutrient. II the plant ts qatte tolerant tossarj 

the element, this status is relerted to as luxury eonsuntplton, il rtol the 

high amount may be toxtc and detrimental to its healthy gronth^ t.t 

The plant may eontain an an, . turn ol the nutrient sst.htn "“I' 1';";^ 

ol its optimum or desirable range. Ol course, tn Ihts case ,1 n.ll sh™ 

no signs ol shortage, , 3 1 The plant may entam the nulnenl at .. lese 

just l^loxv its oplimutn range so tha, its perlormance ,s Itnnted. Abnormal 

symptoms will be discernible to carelul observers “h" 
ot the deficiency as well as the time and place at which ,t lirsl may be 
expected 14) The plant may contain Ihe nutrient so low that ..bnotmal 
!yntp.oms. characteristic ol the particular deficiency, ntay develop gen- 

““eLI" demclktVol sLge TiThighly desirable and much ellon. time, 
and money are being spent to develop better meth.Hls lor such dtacnost, 
HowTver smge 4 the category in which obvious visual symptoms 
develop, is ot primary concern in the present discussion. Abtltty tn 
tifvine stage 4 leads to competence m recogni/mg sta^e . 
important Lcomplishmenl. By the lime visual 

:„u\r^cr;ls.ances. The -son why ability to^ re.gn,.sy.,g2 

of nutrient hunger, the sooner the bette . through 

importance is the possibility of forestalling appreciable crop 

application of corrective elements recognized on sight by 

;re less distinct and growers may need ^elp heir ~ 
Incipient or first stages of visual symptoms may be so quest.o 
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diagnosis should be contirmed lea7"p«ioles ca'^e 

o, grapes. A few nurrienr ‘‘f by ^sease infec.ion 

or injury due to sprays, drought heat, o - supplementary 

distress appear, even well traine o ^ype, rootstock 

involved, and general vine-to-vine distribution of sympio 

avoid error in diagnosis. „iontQ ^re greatly reduced 

Problems of rliagnosis of hunger signs in J j^goient 

*^uhln a Biven region. Calcium deficiency in grapes has not been 
" U Ixcent lor a report by Randolph of a fertilizer trial on grapes 
of ml carmen variety iS TexL, no evidence of clearcut response of 
grapes to phosphorus in any part of the United States “ j ^ 

nitrogen, potassium, magnesium, and manganese. In Washington a 
Oregon, the Concord variety may show need for nitrogen. 

The most common deficiencies of L. roniiirWoho varieties in '»= Smi ' 

east are for nitrogen and magnesium, 

occasionally being suspected. In California, deficiencies of imporfance 
are restricted to nitrogen, potassium, zinc, and boron. 

Within these general regions, the nature of local soil 

example, deficiency of manganese or iron in graj^s js ^ 

erosion is minor, drainage is imperfect, and soil pH is 
nitrogen deficiency is more likely where erosion is severe. Mild defi- 
ciencies sometimes are demonstrated in the pre-bloom occurrence of 
hunger signs for nitrogen or iron which may be less clear 
time hunger signs for potassium or magnesium occasionally are most 
advanced and recognizable at harvest. If such symptoms are seen 
earlier, immediate corrective fertilizer applications are in order. 

Deficiencies are expressed both in the leaves and in other parts of 
grape plants. If, upon recognizing a specific type of discoloration or 
chlorosis, as shown in the descriptive photos, the observer notes the 
position of the affected leaves and whether other portions of the vine 
show indications of abnormal development, his diagnosis may be much 


more accurate. 

Since a slowing of grow^th probably already has occurred by the time 
visual hunger .symptoms are generally apparent, the sooner the signs 
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arc detected and rect).eiii/ed. the more quicWlc the deli«.icnc\ ni.o he 
rcmcdicJ cind the less ihc loss 4>t ctop (iraix: grcmcrs jUa\s shoM he 
on the alert lt»r anv \anatn»n in plant i/c, leat si/c. i»i shajv stunting* 
o1 shtxil growth, cluster si/c and heny set. as well as an\ unuNual krai 
colt>ralion or ehlori^^is in their vinevards. 

When vines ha vine abrrornuil ap[X’aranec arc ItKaled, the gri*wcr 
lirst should delcrniinc whether *’i not the svmptoins can be explained 
by sr)inc corulilion other than nnner*il nutrition Nlagnesiuin dclicicfu^ 
and [xitassiuni dcliLicixy svinplonis. (or example, sometimes mas K 
contused with drought in|ur\: and, except that it iisuallv occurs m ■ 
different time ol the year, drought damage may be conlused with 
/Vrono.vporu (downy mildew i injurs In other words, many causes jfKi 
conditions may accviimt tor an abnormal appearance in grajx ymes. and 
growers should not )unip t(K) quickly to the ct)nclusion that mineral dcti- 

cicncics arc tt> 



If a few affected or stunted vines occur nearly at random in a vine- 
yard and they arc Mirrounded h\ vigorous vines with noimal ^-rc-en 
foliage, those alfected should be inspected tor tungal or virus diseases 
and for trunk injury bv ullage implenicnts. eld. or girdling If the 
affected vines tKCur main!) in patterns that follow toi>ogiaph> or j 
particular soil type that is n*>l water logged, and it lew if any normal 
superior vines arc adjacent to th(>se most affected, the syiiiptoiTts are 

likclv to be huneer signs. 

f lic next step is to determine which element is deticieni Here the 
grower should study the accompanying c(*lor photos, and read the n--tes 
describing in detail the deficiency sympUmis for each element. If. with 
these aids, he still is puz/led and in doubt, he should call in a specialist, 
such as a farm advisor. c«mnty agent, or procevsor s field service repre- 
sentative, tor consuhalion. (iencrally. the experience of a specialist will 
be such that unless other factors arc present to confuse the picture, he 
will be able to make a correct diagm^sis, and if not. he usually wiR be 
prepared to collect leaf petiole samples by the proper poKcdurc and 

have them evaluated by chemical analysis. 

Finally , the proof of correct diagnosis usually is response to corrective 

measures. Depending upon the degree of confidence in the 
diagnosis, the corrective fertilizer may be applied immediately over t 
entire affected vineyard, or over only a trial area for observation 
response before further measures are given consideration. 
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NORMAL FOUAGE 

Cool weather in the hrst few weeks 
all foliage on all vines to be ''**'* ,i,e usual reaction 

of plants to weather too cool for normal growth (plate 13.) 

nitrogen (N) deficiency 

Varieties such as Concord show a 

and reduced shoot growth front lack of f deficiency 

which too in any diagnosis 

Srt^gelftMs — 

d%"ient°l"q“fe"'Lt're" 1f “ 

trellis is less than three-quarters filled by leaves and 

Sogen A more dependable method of determining n.trogen hunger n 

WhL properly applied, a blue color appears ,n sliced petioles when 
nitrate is present. 

POTASSIUM (K) DEFICIENCY 

If as little as 5 percent of the leaf area in a vineyard suffers leaf 
scorch, either as chlorosis or necrosis, a substantial toss of «°P ^ 
vine vigor will occur. Such symptoms often are confused 

low magnesium. Two points should be kept m mind with regar p 

slum deficiency: First, the lack of color begins at ^ 

of the leaves rather than between the mam veins, and the color chang 
is first to a pale green or bronze, rather than to the more noticeable 

yellow or white of magnesium deficiency. Second, the mi -s^ oot 
of the main canes rather than the basal leaves are the first to show the 
symptoms of pale color. On lateral shoots, the chlorosis is prominent 
on the apical leaves (plate 14). Vines severely deficient in pomssiurn 
have compact clusters of small berries, the maturity of which is delayed 

or is uneven. . , 

Another symptom related to low potassium is referred to as black 

leaf.” This symptom, shown in plates 1 5 and 1 6, is quite different from 

the edge chlorosis and leaf scorch heretofore discussed. The black color 

begins on the upper surfaces of exposed leaves and must be well advanced 

in order to show through to the lower surfaces. It has been reported in 
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vinifera vineyards in Germany, has been seen in the similar vineyards 
in California, but is more common in vineyards of the Northeast. The 
relation between black leaf and leal scorch forms of potassium deficiency 
has not yet been clarified, but black leaf seems to be associated with 
overcropping of low-potash vines. Potash application reduces but docs 
not eliminate it. The symptoms appear only on leaves most exposed to 


the sun. 


MAGNESIUM (Mg) DEFICIENCY 


The yellow or, with some varieties, reddish leaf discoloration asso- 
ciated with magnesium deficiency begins first between the main veins. 
To the casual observer, this chlorosis seems to begin at the leaf edges 
and move inward, but careful examination will .show that the leaf edges 
stay green until a moderate-to-severe development causes all except 
the main veins at the leaf centers to become yellow. This clue together 
with symptom appearance developing first on the basal leaves are the 
best diagnostic signs of magnesium deficiency. At moderate degrees of 



Courtesy of California Agricultural Experiment Station 

Figure 2. Effect of zinc deficiency on Carignane grapes (right); poor set. and many shot 
® berries. Left; Normal. 
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Couriesy of California Agricultural Experiment Station 

Figure 3. Symptoms of boron deficiency porfion^'o^ 

cino County, California. Note berries In contrast to the behavior of 

the shoot. Seeds are present m only the g Carignane do not shatter beyond 

Thompson Seedless, the small abnormal berries on carignane 

this stage. 

leaf chlorosis, magnesium deficiency does not reduce crop yields as much 
as leaf scorch of potassium deficiency (plates 17, 18). 


MANGANESE (Mn) AND ZINC (Zn) DEFICIENCIES 

Manganese deficiency can seriously reduce vine vigor and crop yields^ 
Signs of manganese shortage frequently are seen on the same Conwr^ 

vines that show deficiencies of iron and/ or potassium ( gure ) . 
symptoms can be found in most California vineyards, particularly th^e 

on poorly drained soils and those on soils that are hig m p . ymp 
seldom are so severe in California vineyards as to reduce crop yields 
but knowledge of them is important so that they can be distinguished 
from those of zinc deficiency, (plates 21 and 22). The chlorotic leaf 
pattern is the same for both. The entire vein system is bordered by a 
distinct narrow band of normal green while the rest of the leaf is much 
lighter in color. Manganese deficiency signs develop on basal leaves 
which are not distorted or reduced in size unless the deficiency is 3^ry 
severe. On the other hand, with zinc deficiency, the symptoms show rst 
on terminal leaves of main shoots and on leaves of lateral shoots that de- 
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velop in suinincr; ihesc leaves are so much reduced in si/e that a synonym 
tor /inc deficiency is "little leaf." The basal lobes of the leaf blades tend 
to draw away from the leaf stems or petioles as shown in plate 22 and 
ligLire 5. /inc deticiency usually is accompanied by very poor fruit set 
that results in straggly clusters ( ligure 2). The symptoms usuallv arc 
found in vineyards on sandy soils and certain rootstocks seem to be more 
susceptible than others. 

IRON (Fe) DEFICIENCY 

Iron deficiency also, is most severe on the youngest leaves of grape 
vines but difTers from zinc deficiency in that the symptoms develop 
earlier in the growing season and have a different pattern. The loss of 
green color is more severe so that the leaf takes on a yellow or creamv 
white appearance with only the vein system remaining outlined by fine 
green lines; there is no green border effect, only the veins stay green. 
Iron deficiency seldom is a problem w'ith vinifera varieties in California; 
it sometimes affects varieties in the Northeast, and is important in the 
Northwest (Plate 20). 



Courtesy of Jioiies Heiitlie. Ohio Afirirullural Experiment Station 

Fieure 4. Manganese deficiency at five stages on Concord grapes. 
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Courtesy of Catifornia Agricultural Experiment Station 


boron (B) deficiency 

Boron deficiency is easily confused with several other disorders. Lack 
of boron ( depending upon the variety ) may result m a very light set of 
fruit with many flower clusters burning off entirely; or a set with a hig 
percentage of shot berries; or an apparently normal set that shatters 
severely about midsummer. The symptoms to look for are the foregoing 
fruiting characteristics and a leaf chlorosis which is very similar to that 
caused by lack of magnesium. However, with low- boron the first leaves 
to be affected are terminal rather than basal and the chlorosis moves 
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r , 


Courtesy oj L. E. Scott. South Carolina Agricultural Experiment Station 

Figure 6. Boron deficiency caused these terminal leaves to be misshapen on the Carmen 

variety of grapes at blossom time. 

more rapidly to the leaf edges than in the case of low magnesium. The 
terminal shoot tips also may die back in early summer, a condition which 
results in growth of lateral shoots, often several from each node, that 
may be stunted but not otherwise show any symptoms of the deficiency. 
Observers must be careful in diagnosing boron deficiency in grapes that 
the chlorotic leaves are terminal on primary shoots rather than basal on 
secondary shoots (plate 19 and figures 3, 6). 
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Courtesy of FfCifik D, JohonsoTi 


Plate 1 (upper left): Phosphorus deficiency symptoms on strawberry leaves. Plate - 
S): PoEm dUciency on s.rawberry leaves. Plate 3 (lower left): Magnes.um deficiency 
symptoms on strawberry leaves. Plate 4 (lower right): Boron deficiency symptoms on straw 

berry fruit. 
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Courtesy of W. h. BaUinKer 


Plate ^ Upper surfaces of blueberry leaves showing nutrient deftccnces: phosphorus dc- 
(Sncv dtpper left); nitrogen deficiency ,( upper right); potassium def.ciency (lower left); 
'^calcilmi deficiency (lower middle right); healthy blueberry leaf (lower right). 



'late 6. l ower surfaces of blueberry leaves; phosphorus dower middle 

eficiency (upper right); potassium deficiency blueberry leaf (lower right)- 

left); magnesium deficiency (lower middle right), healthy bluenerry ic 
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Ccwr, i-sy of Ohio Agriculmral hixpcnmen, Siaiion 
colored blueberry leaves are deficient in iron. 


Dark creen loas'es arc healthy 



Courtesy of W. h. 


/ige 


Plate 8. Early symptoms of magnesium deficiency on blueberry leav 


es 
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Courtesy of W. h. fiallinf;er. North Carolina Agricultural Experiment Station 


Plate 9. Nitrogen deficiency symptoms on blueberry leaves; healthy leaf (lefli. 



Courtesy of W. E. Ballinger, North Carolina Agricultural Experiment Station 

Plate 10. Phosphorus deficiency symptoms on blueberry leaves; healthy leaf (left). 
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( ; ^ H^lti Massachiixtct Ar"-culs^ ^tx. 

Cour.x,y o, J. S. , • _ ^ , 

Plate 1 1 . Magnesium deficiency symptoms on blu 








Courtesy oj Ohio A fricuIluraJ F. iptr:mi^K£ S^^^tUX^ 


Plate 12. Iron deficiency symptoms on blueberry leaves; healthy leaf i left j 
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Plate 13. 


Courtesy o/ California Agricultural Experiment Station 

Leaves of Carignane grape variety showing early-season potassium deficiency; 

normal leaf (right center). 
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Courfesy of James A. Cook 


Plate 15. The black-lcaf symptom found on heavily-cropped, low potash grapevines. The 

variety is Sauvignon vert, California. 



Courtesy of W, J. Clare, Washington State Vmverstty 


Plate 16. The hlack-leaf symptom on Concord grapes. It is inter-veinal on leaves well exposed 

to the sun. Washington, October, 1957. 
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Plate P>. Shoot tip iif 
Thompson Seedless grapes in 
mid-July, showing synipt(»ms 
of boron deficiency. Note 
death of the main growing 
point and the short inter 
nodes near the tip. Ihc 
chlorosis of the leaves on 
the main shoot becomes 
worse near the tip while the 
re grow th on the lateral shout 
shows normal appearing 

leaves. 


Ctmrtcsy of Colifornifi AKricnlitiral f.xin‘rhnent Station 
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Courtesy of Sew York Aftrtcuifural Experiment Station 


Plate 20. Iron deficiency on 
Concord grapevine charac- 
terized by creamy white 
leaves, excepting veins, on 
apical portion of shoot. New 
York. August, 1952. 
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Plate 21. Manganese deficiency on 


Concord grapes. Ohio. August, 1955. 



Plate 22. Zinc deficiency symptoms showing chlorosis of grape 

wide angles of leaf petioles and leaf blades. This is a shoot tip of Tokay 

California. 
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CHAPTER XI 


Nutrient Deficiencies in Citrus 

By Winston W. Jones and Paul F. Smith * 


-p.EFlclENC.ES Of onc OF morc Torid^welerr'ev 

D throughout the cUrus of control measures that 

ir :.r:n"ed nutrient de«c.enc.s f^s^ntir;. 

Thic does not mean that all the problems ui cm 

Ltrition have been solved - 8”^ TSinrain an optimum 

:r: ?ersfe:tra:rb:=^^^^ 

given to deficiencies which commonly occur in the field^ Both ^af symp 
toms and leaf content of elements are considered. A key at the end of 
this chapter summarizes deficiency symptoms m citrus leaves. 


LEAF ANALYSIS 

Leaf symptoms for any single element deficiency are similar for most 
cultivated citrus species and varieties. Thus, zinc deficiency symp oms 
are approximately the same, be they on orange, grapefruit emon. or 
other citrus trees. However, leaf analysis standards are based largely o 
oranges and may require some modification for other species. 

W. Jones is Profes^r of Ho^uUure^and H"risc 

University of California. River^de, i-v- • ’ „ it c neoariment of Agriculture, Orlando, Florida, 
lural Research Service. Crops ' 1;^; . ediUons for illustrations and background infor- 

They express deep gratitude to the new infornration in an attempt to more 

maiion. Portions of the authors hope that the addition of new information and 

fully depict the various deficiencies. T’’® invaluable nrevious chapter. Original authors were 

new interpretations will enhance the usefulness of an mvatuable previous c p ^ g 

A. F. Camp. Vice Director. F'»"da Agncultural Exper ment Experiment 

Staliomand’E" R^ Parker" Chairman, Division of Orchard Management. University of California C.trus 
Experiment Station. 
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Leaf analysis is starling lo be wideU used in varitius p.irts of the 
world as a diagnostic tool to evaluate the nutritional status citrus 
Research so far shows fairly consistent leaf values associated with 
deficiencies, satisfactory levels, or excesses, even though the trees mav 
be growing under widely different soil i»r climatic conditions 1 his. *>l 
course, requires use of similar methcxls of sampling and adequate ana- 
lytical procedures. Prudent orchard management and fertilizer practice 
requires a knowledge of the nutritional status of the trees. 

As a general guide, leaf analysis values are grouped into three rather 
broad categories in the list which follows. These values arc based on 
w'ork done in the two major citrus growing areas of the United States — 
Florida and California. Intensive study in any given area may lead to 
some refinement or narrowing of ranges for a particular set oi condi- 
tions. The purpose of this listing is to provide a simple guide by which a 
nontechnical person can make some evaluation if he can obtain analyti- 
cal data. 

These tentative general ranges are for the guidance of growers in 
interpreting citrus leaf analyses. Based on concentrations found in 4 
to 7-monlh-old bloom cycle leaves from non-fruiting terminals, they 
are adapted from the work of Rcuther. Embleton, and Jones (fib): 

Essential element 


Nitrogen — N 
Phosphorus — P 
Potassium — K 
Calcium — Ca 
Magnesium — Mg 
Sulfur — S 


Deficient 

Sati<ifactory 

per cent 


<2.3 

2.4 -2.8 

>2.9 

■^o.cw 

0.10-0.17 

>0.1^< 

<0.7 

0.8 -1 .6 

>1.7 

<2.5 

2.6 5.5 

>5.6 

<0.20 

0.21-0.50 

>0.51 

<0.19 

0.2 -0.5 

>0.6 


Boron — B 
Copper — Cu 
Zinc — Zn 
Manganese — Mn 
Iron — Fe 

Molybdenum-”Mo 


< 

< 

< 

< 

< 


25 

4 

19 

19 

35 


<0.06 


parts per million 

26 -250 
5-16 
20 - 50 
20-90 
36 -120 
0.07-4). 25 


>260 

> 17 

> 5J 
>100 
>IK) 
>0.3 


< “ less than 

Excess = No chance that his:her amounts will be beneficial, toxicity symmom* occur only with much 
greater amounts. 


For a trained observer, leaf analyses are not an absolute require- 
ment in diagnosing critical deficiencies such as depicted in this chapter. 
In fact, deficiency symptoms were described well before leaf values 
were known. Development of severe visible deficiency symptoms, how- 
ever, requires many months or years of stress. One of the primary virtu.' 
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a higher level 
values greater 


1 • ihev enable detection of impending deficiencies 

so that they may be corrected before serious losses p 

lowering of fruit arbitrary. Some orchards, for 

instance, may show 0.7 percent K P ^ 

increase in leal potassium IK). As a ^ The 

smaller than desirable at this leve if no symptom, a 

column headed ■deflcenf ‘'’."“''“it' ,^av be ex- 

lowering of production. . f juah'a reaction in- 

t te“toienTts^rdrop^ 1-elow the -indicated value. By the 

r “oh^thetr shown astxcess ' do m.r, a toxm crrndi- 

tion but a state where virtually no chance exists that 

will'be beneficial. If a toxic condition exists, however. 

than those shown are likely to be found. 

The ranges shown as -satisfactory" are rather narrow s je ele^ 

ments and quite broad for others. As a rule, however, ‘‘"y ^ 

performance of which probably is not being handicapped 
nutrition. The ideal condition is near the center of the ra § ' 
each value. A tree having a leaf analysis that falls ^ "ente^^^^ 
the satisfactory ranges is not likely to be distinguis e 
having values that fluctuate between the various extremes of the ranges^ 
Periodic sampling shows trends of nutrition. A consistent pattern of 
about 0.8 percent K year after year, for instance, arouses no concern 
about potash. If the K level gradually decreases from 1 .4 percent down 
to 0 8. however, the decline indicates that the K supply is diminishing 
or the fertilization level of potash is inadequate. Leaf analysis thus 
provides early warning of impending deficiencies or excesses. 

Unfortunately tissue analysis is not an easy or simple process. Asi e 
from the difficulties of careful sampling and obtaining reliable analyti- 
cal data, many factors affect interpretation of results. The supply of 
one element is influenced by that of others so that the matter of balance 
comes into play. A shift in the supply of nitrogen can affect the levels 
of nearly all of the other elements found in the leaves. Other elements 
likewise influence one another. For this reason interpretation of leaf 

analyses must remain somewhat flexible. 

For more detailed discussion on the interpretation of tissue analyses 

and the use of leaf standards for guidance, recent reviews should be 
consulted (66, 71). 
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NITROGEN (N) DEFICIENCY 

SYMPTOMS 

Deficiency symptoms that respond to applications of nitrogen are 
almost too well known to need description, but since they may be con- 
fused with other symptoms in some instances, attention is called to 

some of their outstanding characteristics. 

Since nitrogen is a part of chlorophyll, the green pigment in leaves, 
a shortat’e of nitrogen results in reduction in the amount of chlorophyll 
and loss'" of green color. Typically, the first symptoms of nitrogen de- 



very limited, and crop production had dropped to a very low le e . 


ficiency appear as a uniform light green to yellowish-green color of 
the leaves. If nitrogen is deficient when growth the young eaves 

are undersized, thin, fragile, and pale m color. Shedding of old lea . 
is heavy on such trees and consequently, their foliage is 
type of symptom is common in unfertilized trees ( plate 1 an ^ ^ 

Considerable twig dieback occurs and the trees look brushy. Sue - 
seldom die but remain in a permanently stunted condition unles 

nitrogen is supplied in adequate amounts. , 

The degree and the time that a deficiency appears are impor a ^ 

Trees under severe, continuous deficiency do not produce commercia 
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nf fruit Adequate amounts of nitrogen are required for flowering 
crops of fruit. AUequa hnwpver a mild, temporary nitrogen 

and fruit setting. After rui s . ^ result in improved fruit 

deficiency, as based on leaf symploms. may resulc .mpro 

ftm tcjSnrwate” faS. Such 'to/s aTe .oTave“ 1 

abnormal chemical composition and to sho^^ deficie 
of elements; applications of specific nutrients or co 

beneficial. 

HISTORY AND REMEDY 

The earliest references on citrus culture refer to use of manures or 

fa^t^that nitrogen is lost on ashing of plant material for ^ ^ 

this element. Research did not definitely show until about 1850 ^^at 
plants will respond to soil applications of inorganic nitrates. About 
1918. the relation of nitrogen to fruitfulness in plants was demonstrated. 

Since nitrogen deficiency usually is caused by a lack of nitrogen in 
the soil, the obvious remedy is to supply this element in required 
amounts. The problem then is one of determining the right amounts 
and the time of application. Tissue analysis combined with observation 
of grove conditions and history of previous grove practices appears 
to be the best method of determining the amount of nitrogen to apply. 
If nitrogen is required, it should be applied several weeks previous to 
flowering. Where regreening of fruit is a problem, late spring or sum- 
mer applications of nitrogen accentuate this characteristic (38. 42). 

Depending on the conditions under which nitrogen is used, the 
source of this element may be important. Nitrogen from nitrates is 
more quickly available than from other sources but is more subject 
to leaching. Some ammoniacal nitrogen may be lost by volatilization 
under certain conditions (23. 47. 86). Continued use of nitrate of 
soda and ammonium sulfate may produce harmful effects on the soil 
and interfere with water penetration (40). In light soils, ammonium 
sulfate tends to cause excessive subsoil acidity and increases lime re- 
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quirements more than other nitrogen supplying materials. Other sources 
may contain excessive amounts of perchlorate (81) or of biuret (37, 
41, 62). Urea foliage sprays have been used to some extent in Cali- 
fornia where properly timed nitrogen applications of this kind have 
been beneficial. No special benefit has been obtained from nitrogen 

sprays in Florida. 


PHOSPHORUS (P) DEFICIENCY 

SYMPTOMS 

Early work on the development of phosphorus deficiency symptoms 
was done in soil, sand, and solution cultures (12, 14). Symptoms de- 
veloped under field conditions have been described both in Florida 
(27) and in California (19). In the development of symptoms, effects 



Courtesy of r. * Ef'iihletofi et ul 

Fieure Valencia oranges from trees deficient in phosphorus (left) and 

nnri hollow centers. 


on fruit quality are first noticeable. Fruits becomes large, coarse, and 
misshapen, with exceptionally thick peels and hollow centers (figure 
2) Fruits from deficient trees are exceptionally high in acid ( ) an 

a reduction in acid may be the only measureable response to phosphorus 
applications (39. 76) where a deficiency is borderline. 

Following deterioration in fruit quality, foliage density becomes pro 
gressively thinner. The leaves produced are few and small and rop 
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prematurely (figure 3). Accompanying the reduction in foliage density 
is a loss in yield. Deficient trees produce only a weak spring flush of 


growth and by fall their leaves have a bronzed cast. Some twig dieback 
occurs. There are no specific leaf symptoms for phosphorus deficiency, 
although some necrotic (dead) areas have been reported as being 
associated with this deficiency (14), especially with lemons ( 1 ). 


HISTOHY AND REMEDY 

The cause of phosphorus deficiency either is lack of phosphorus in 
the soil, or lack of available phosphorus. C itrus appears to be able to 
obtain phosphorus from the soil more readily than many other plants 

gfQW's freely in Florida and Hra/il on soils which are so Iom 
in phosphorus that corn, cotton, and many other crops will not grow 
properly without phosphate fertilization. Phosphorus deficiency in 
citrus in the field is not common. In a study of water-soluble, acid- 
soluble, and total phosphorus contents of soils in a series of healthy 
and phosphorus-deficient citrus orchards, Aldrich and Buchanan (2) 
found no correlation betw'cen water-soluble and acid-soluble pht>S' 
phorus and incidence of phosphorus deficiency symptoms. But they 
did find that deficiency w'as correlated with a low total phosphorus 

supply. 

Use of phosphatic fertilizers provides corrective treatment though 
difficulty sometimes is experienced w'ith soils of high phosphorus-fixing 
power and where the rooting systems of trees are deep. Phosphorus 
does not move readily in the soil. Once enough has been added to cor- 
rect a deficiency, additional quantities should not be applied as excesses 
tend to interfere w'ith absorption of iron and zinc. .A deficiency is more 
rapidly corrected by one or more heavy doses than repeated light, an- 
nual applications of phosphatic materials. Leaf analysis is a good indi- 
cator as to w'hether or not phosphorus should be applied. 

Phosphorus foliage sprays have been tried with only limited success 


POTASSIUM (K) DEFICIENCY 

SYMPTOMS 

Critical potassium deficiency in citrus probably was first encountered 
in Australia, where a severe decline and burned-leaf condition was 
corrected (6) after several years of potash application. Chlorosis, gum- 
ming of twigs, small, curled and puckered leaves, premature fruit 
shedding, and other symptoms have been associated with potassium 
deficiency. Smith and Rasmussen (73) describe the development 
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symptoms as follows; In late ^Kis^Tppeared to 

to develop in many 5- to 6-mon ^nthout clearly defined 

be merely a loss of chlorop y halves of the leaves 

borders. Such areas -re nearly a, wa^ m h .“S rermina, portions of 
but sometimes along their sides, 3 ; „,as tended to 

,he blades were normal January the color of 

many leaves had deepened from pale yellow to golden 


Figure 4. Potassi- 
um deficiency in 
grapefruit leaves. 
Typical chlorosis 
patterns in 1 -year- 
old leaves. 



bline the bronze associated with magnesium deficiency. There was, 

liule or no shedding of affected leaves. Prolonged severe de- 

ficiencY causes leaf tip necrosis or bum. 

Fruit symptoms of potassium deficiency include a reduction m s 

of fruit and a very thin peel of smooth texture (figure 5, plate 2). 

A d™eLrin total acidity of fte fruit also occurs and a consequent 

increase in the solids/ acid ratio. 


HISTORY AND REMEDY 

The literature on the effects of potassium deficiency in citrus groves 
is somewhat contradictory. This was brought about, to a large extent 
by two factors: first in many early experiments the only problem that 
was studied was the effect of potassium applications on a particular 
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soil, without knowledge as to whether the trees involved were actually 
deficient or not. and second, in many later experiments the existence 
of other deficiencies interfered with interpretations of results. In the 
latter case, situations are complicated by the interaction of potassium, 
magnesium, and calcium in plants. In some of the early work in Florida, 
increased magnesium deficiency was brought on by excessive potassium 
applications. Early potash sources often contained considerable mag- 



Ctuiricsv of California Agricuttnral Experiment Station 


Figure 5. Fruit from potassium deficient tree (left) compared with fruit from trees of 
similar age receiving ample potassium. Note reduced size and smooth rind of fruit 

lacking potassium; also reduced leaf size and malformation. 


nesium aniJ their use so greatly improved tree condition that more and 
more potash was used. When potash salts of greater purity came into 
use. severe magnesium deficiency was induced. Also, in California ap- 
plications of potassium through the continuous use of manure has in- 
tensified the incidence of magnesium deficiency. A considerable body 
of knowledge now has accumulated from controlled culture and from 
field studies, and leaf levels for potassium are well established. 

To correct potassium deficiency, adequate amounts of potassium 
should he applied in the fertilizer. It can be supplied from potassium 
chloride, potassium sulfate, or by animal manures. In light sandy soils. 
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lp^^hed small annual applications 
from which potassium is re large applica- 

appear to be desirable - • _ several 

tions are needed to give a response ,ht"potassium status 

years. Leaf analysis works very well to determine tn p 

of a citrus tree. 


CALCIUM (Ca) DEFICIENCY 


symptoms 


Calcium deficiency symptoms on citrus are ^ve^i7^ rare.^ 

produced in sand cultures, illustrate m g magnesium contents, 

to be related to high potassium or to low or high g 

,n soil eultures ^ was only 0.47 

percent, Martin a"-* Pa» presumed calcium deficiency 

of citrus seedlmg contributed toward the death of 

“meoftL plants.- In many plants, f/* 2™'" , V on 

first symptom of calcium deficiency ) 

“foeentlv Spencer and Koo (78) reported calcium deficiency sytn^ 
toms on fiild-grown trees. These appear to be true symptoms of 'alci 
deficiency since they are not complicated with known excesses o 
Meres of other elements. Spencer and Koo describe the symptoms 
as a chlorosis along the leaf margins and between the ™ain veins ( figu 
7 ) Manv of the leaves on calcium deficient trees were smaller and 
What thikened. In some instances the leaves had short midribs resil- 
ing in a heart-shaped appearance. Premature drop ot foliage and die- 
back of twigs, followed by weak growth of lateral buds " 

rosetted multiple bud effect on many smaller branches. The chforo 
leaves contained approximately 0.24 percent calcium as compared w.th 

2.4 percent in green leaves from healthy trees. 

Misshapen fruits were more prevalent in calcium-deficient trees. 


HISTORY AND REMEDY 

That calcium deficiency will ever be a commercial problem in the 
field appears rather doubtful. In the very acid sands of Florida, native 
calcium may be sufficiently low to cause a deficiency but in practice 
calcium as ground limestone is added in the pH control program. This 
is more than enough calcium to supply all nutritional requirements. 
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Courtesy of California Agricultural Experiment Station 


Figure 6. Calcium deficiency symptoms on Valencia oranges growing out of in 

sand cultures: A. showing extreme defoliation and dieback of trees supplied with high 
potassium; with high magnesium and low potassium defoliation was not nearly so severe 
B leaf necrosis of upper side of leaf under conditions of potassium excess; the under 
side of the leaf was not affected; leaves from trees supplied with high magnesium ana 
low potassium showed no such burn. C, fruit from calcium-deficient trees showing srna^l 
size, and partially gelatinized and shrivelled juice vesicles. The tree from '^hich i^s 
fruit came was. supplied with a low level of potassium and a high level of maenesium 
Fruit from calcium-deficient, high-potassium trees was large with a very coarse 

texture, in contrast to that shown here. 
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Courtesy of fV. F. Spencer and R. C. J. Koo 


•« Riibv Red crapefruit (above)* Pine- 

Figure 7. Calcium deficiency case ^contained about 2.4 percent Ca; 

apple orange ' ^ 5 *"' ^ orange leaves are from melanose fungal infection 

chlorotic leaves about 0 24 Spe^ on janf^ 


Spencer and Koo (78) were able to prevent ^ 

application of limestone or triple superphosphate. Bot 
rials, of course, contain calcium. No other work under field conditions 

has been reported. 


magnesium (Mg) DEFICIENCY 

SYMPTOMS 


Symptoms of magnesium deficiency may occur on citrus leaves at 
any season of the year but commonly develop in the late summer or 
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fall when the fruit crop is maturing (9). The leaves on which the 
symptoms appear usually are mature and normal in color up to that 
time. Irregular yellow blotches start along the midribs and eventually 
coalesce to form irregular yellow bands on each side ( plate 3 ) . Such 
areas enlarge until only the tips and bases of the leaves are green, the 
bases showing more or less inverted V-shaped areas pointed on the 
midribs. This fading from green to yellow does not follow a fixed 
pattern. In acute deficiencies, the leaves eventually become entirely 



Courtesy of Florida Agricultural Fxperiment Station 


Figure 8- Grape- 
fruit trees acutelv 
deficient in mag- 
nesium showing ex- 
treme defoliation in 
the fall of the year, 
with fruit left un- 
protected because 
of lack of foliage. 


yellow and are shed ( figure 8 ) ; however, if the deficiency is only mod- 
erate the patterned leav'es may' remain on the trees for a long time. 

Varieties producing seedy fruit are more severely affected than varie- 
ties producing seedless fruit. Heavily fruited limbs may develop ex 
treme deficiency symptoms and may even become completely defoli- 
ated. while adjoining limbs with little or no fruit show no symptoms. 
Severe deficiency results in a great reduction in total crop and accord 
ing to Sites (68) the fruits arc low in soluble solids, total acid, and 
Vitamin C. .■\ lessening of pigmentation of fruit occurs to pale orange 
or light yellow. Deficient trees are more susceptible than healthy ones 

to cold injury (43 ) (figure 9). 
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history and remedy 

,.„e,„a.Sacca corrcced a chlo^ouc 

magnesium compounds described Ihe foliage symp- 

magnesium deficiency m san Florida, has been known since 

toms (61 ). -Bronzing as it called i magnesium was not 

the last century but its correction by the use ot m , 



*^urtsv oi’ Florida^ Agriculmral Experiment Station 

Figure 9. Effects of freeze in Florida on -^which^^ 

r^et supVl^dwr^he laUer elements (background). 

achieved until 1936 (7, 83). Until recently this deficiency b^en 

a serious problem in California (22) but at present mild leaf deficiency 
symptoms are widespread. Magnesium deficiency has been reported 

from most of the citrus growing areas of the world. 

In California soils, potassium generally decreases and g 
increases with depth (59). Over a 28-year period in a long-term fer- 
tilizer experiment on Washington navel orange trees at 
fornia decreases in exchangeable magnesium in the soil were high y 
correlated with amounts of salts added as fertilizers or soil amendments 
(57 58) Addition of chemical fertilizers or manures to many crops 
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increased the magnesium losses from the soil (35). Apparently, mag- 
nesium is being moved downward in the soil and deficiency of this ele- 
ment is likely to be more of a problem in the future. The amount of 
magnesium available to orange trees from the soil depends in a large 
measure on the potassium/ magnesium ratio in the soil within the root 
zone (49, 59); similar observations were made in studies with apple 
trees (18). Reports too numerous to list here show that magnesium 
deficiency of plants frequently is induced or aggravated by applications 
of materials containing potassium. The magnesium level in leaves gen- 
erally is positively correlated with their nitrogen content (64). This 
relationship is such that in cases of borderline magnesium deficiency 
low nitrogen increases requirements while applications of nitrogenous 
fertilizers eliminate them. 

In acid, sandy soils of Florida, much magnesium is supplied by ap- 
plications of dolomite, magnesium carrying limestone, used for pH con- 
trol. This is supplemented with water soluble magnesium salts, usually 
sulfate, in fertilizers (63). Except for the sandy soils in Florida, soil 
applications of magnesium have not been effective in correcting this 
deficiency (20, 34, 49, 52). Neither have magnesium sulfate foliage 
sprays been effective (34). 

However. Embleton and Jones (22) report successful control of 
magnesium deficiency by foliage sprays of magnesium nitrate. Its use 
at the rate of 10 pounds per 100 gallons of water, applied when the 
spring flush of growth was about two-thirds expanded, resulted in an 
increase in the magnesium content of the leaves and the elimination of 
deficiency symptoms. If the deficiency is severe, more than one applica- 
tion per year may be required. 

SULFUR (S) DEFICIENCY 

SYMPTOMS 

Sulfur deficiency has not been identified in the field. The following 
description is of results from sand and soil cultures of Chapman and 
Brown (11). The leaf symptoms in general consisted of a chlorosis 
quite similar to that produced by nitrogen deficiency. Sulfur deficiency, 
however, was characterized at its onset by much yellower new growth, 
the older leaves remaining green (plate 6). This contrast in coloration 
was marked and gave the trees a striking appearance. No abnorma 
twig characteristics developed, but some dying back occurred as the 
deficiency progressed (figure 10). Immature fruits from sulfur-deficient 
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wcre^ bghicr green than normal and mature fruits uere a lighter 
orange Same fru.tx v^ere dwarfed and mi>>hapen and others had a 
iHHmjlly threk peeN. Interiors of fruits were pulpy and juicclcss. ssith 

t>f the juKC sacs gelaimued 


l»iC {I<s> OERCiENCv 


$» MfiTO^S 


/me dehcier>c> also is referred to as “frenchcd-lcaf. ‘frenching. 
or -roottle leai Like nwst of the metal deficiencies, it develops only 
oa nesfc gro»lh Leaf >ue i' reduced somesshat in proportion to the 
«c.ircits of /me N^hcn only a slight dcticiertcy evisVs. leaf si/e and twig 
length are c»nK slightly reduced VS hen the deficiency is severe, leaf 
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M7C *> drasticalh reduced and twig length greath shortened. PmbabK 
because of the compression o( griwsth and reduction in leaf j>i/.c. the 


nev^ gn^vklh h4> a bu'^hv. upright appc^r^iftcc. 

B\ far. ihc di'^tinciivc a^^pcci of /inc Jchcicncv i> iht pattern 

of chlofT^U The crcjinu^h-jcllo^^ mottle on the dark-green background 

of the remainder of the kat. in all it^ vanatiom. presents a sinking 

and easily identifiable p.itiem t plate 7 1 but seriousis hampers tree 

peffnrmancc unless corrected in its carls stages hen the dcficiencs 

ij» miM only a lew terminals mas show symptoms and these may gradu- 

alts' dis.ippcar with time l -ach succeeding tl u 

apt to show an irwreasing iiKislerK'e ol symptoms until iKarly all termi- 
nals arc artccicd and the conditwsn bcccnies persistent lypicalls. Kiwer 
chcKUs oo the south or southwest sides t>l trees arc the first to s|hiw 
ssmptiMm but with continued stievs whsslc trees bccsimc affected. In 
cases, trees hceomc unthnity and show small, upright leaf growth 
little or no chlorosis, but such bclvavnn o css'cptK>nal 
hen »nc deficiency o scry mild, it iiw> not apprcciabls alter normal 
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Figure 12. 


Courtesy of CaUfornia Agricultural Experiment Station 

Acute symptoms of zinc deficiency in orange twigs showing small leaves. 

chlorosis and dying back. 


tree growth. A transient mottling of a few young leaves may 
symptom With a somewhat greater degree of deficiency th y g 
growth starts out in normal fashion but pronounced mottling or yellow^ 
L of lateral areas of the blades develops as the leaves expand. The 
terminal leaf or leaves may be slender and reduced in size an s o\v 
strong mottling but the leaves are persistent (figure 11). In cases o 
severe deficiency, new leaves may emerge as tiny, slender, whiti h 
structures with little or no green color. They do not enlarge greatly 
and with time their midrib and lateral veinal areas may become green 
(figure 12). Such leaves tend to shed early and the short tw'igs may 
die back. After a prolonged time the larger twigs m turn die back so 
that the tree appears brushy (figure 13). Trees may sucker out from 
the trunk or main branches with nearly normal growth for a time, 
but the suckers in turn develop deficiency symptoms as more growth 

continues. 

Mild zinc deficiency has little or no effect on fruiting or fruit quality. 
As the severity approaches an acute stage, however, fruits decline in 
number and their pulp becomes dry. woody, and insipid. Fruits in 
extreme cases are small, misshapen, and lose their green color pre- 
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maturely and appear whitish ( ligures 14. 15). In case of proUmged 
severe zinc deficiency, the trees go out of production but marked in- 
creases in yields result from a correction of the disorder (53. 54). 

Zinc deficiency often accompanies other deficiencies, and multiple 
deficiencies on one tree and occasionally in the same leal arc possible. 
Multiple deficiencies usually involve two metal elements. Thus, zinc 
and iron, or zinc and manganese, may both be present in deficiem 
amounts simultaneously and cause complex symptoms that are not easily 
identified. When one deficiency is corrected, however, the second comes 

into sharp focus ( 44 ) . r. u • 

Citrus trees suffering from virus or fungal disease often show /.me 
deficiency, whereas healthy adjoining trees are free of symptoms. This 
may be the result of a weakened root system that is unable to absorb 
zinc or it may indicate impaired transmission of zinc through the 
phloem, the conductive tissues of the plant. Many diseases inte 

with normal functioning of the phloem. 


interfere 



Figure 13. Valen- 
cia orange tree se- 
verely affected with 
zinc deficiency, 
showing diebact. 
small leaves, and 
very small crop 


Couriesy ol Cditornia Agriciillural ExperimeU Sianon 
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Figure 14 


Courtesy of California Agricultural Experiment Station 

Normal lemons (left) in comparison with lemons (right) from trees severely 

hv zinc deficiency* 


HISTORY AND REMEDY 

Zinc deficiency probably is as old as the cultivation of 
disorder is found in all citrus growing areas of e wor ^ ^ 

to “frenching” appear in the earliest writings on 
Florida. Little was known as a practical remedy un i 

fornia showed that either soil or foliage spray 
gave correction (17). Duplication of field symptoms was achieved 
zinc-free solution cultures in 1937 ( 16). Soil-applied zinc general^ is 
erratic and slow in causing response and has not been used wi y^ 
Where surface soil applications have been tried, concentrating e 
salts in a few piles or in a band around the edge of the ground areas 
shaded by the trees have been more effective than broadcasting - . 
46). Zinc ions do not move readily in the soil because of fixation y 
soU colloids, especially organic particles, and also are immobi ize i 
the soil reaction is greatly above pH 6. In spite of these immobilizing 
actions, citrus roots are able to obtain zinc if they come into contact 
with it. This has been demonstrated in long-term tests where zinc sul- 
fate was plowed-in to a depth where root contact was possible. Even 
with a pH above 7, citrus trees have been able to obtain sufficient 

zinc (72). 
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Most zinc applications on citrus have been foliar sprays applied as 
deficiency preventatives rather than correctives. Leaf analyses provide 
an excellent guide for impending deficiencies (82). In actual practice, 
however, spray applications can be governed by the prevalence of 
visible symptoms. If no visible patterns are present, sprays can be post- 
poned until a few trees start to show leaf symptoms. This practice in 



Courtesy of Florida Agricultural Experiment Station 

Figure 15. Acute zinc deficiency symptoms on Pineapple orange (left) showing very 
small, smooth fruit and pointed leaves with striking contrast m leaf paitern. and (nghti 
fruit and foliage from a similar tree one year after treatment showing immediate re 

sumDlion of normal growth. 


Florida has greatly reduced the frequency of zinc sprays. Orchards that 
formerly received annual sprays may not need spraying for several 
years as the roots pick up considerable zinc from accumulations in the 
soil from past foliar sprays. In some cases, where the soil is heavy and 
the pH is high, regular sprays must be applied (63). This also is the 
situation in California where residues of zinc from continued foliage 
sprays accumulate in the top 6 inches of soil (60). In the desert areas 
of California, each major flush of growth must be sprayed in or er to 
prevent deficiency symptoms. Very little zinc is translocated from tne 
sprayed leaves to the leaves of a new flush (82). Zinc sulfate, precipi 
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lated with lime or soda ash long has ^ oxide’’o7oTheT neutral 

a strong tendency o„ ,he foliage. Minimal 

“r^y^Se" irde” rlhle t'hT pest control standpoint a h-y 

rSu« encourage the buildup of high populations of scale insects 

and mites. 


AAANGANESE (Mn) DEFICIENCY 


SYMPTOMS 


Manganese deficiency seldom is referred to by any other ’ 

though the condition formerly called “raarl-chlorosts 
primarily a manganese deficiency or a joint zinc-manganese-iron 
ficiency of citrus grown on marl or calcareous soi s. 

Manganese deficiency symptoms originate on young growth y 

mav persist and be found on leaves of any age. Extremely mild de- 
ficiLcv may not be evident until the leaves are nearly fully expanded^ 
At this stage light green blotches or mottling appear 

weeL. If the supply of manganese is somewhat . 

is more intense and more persistent. Such a condition is ;»^strated n 
plate 8. The blotches are a still lighter shade of green than found in very 

mild cases and are irregular in contour; many of them ^ 

verted horse-shoes with the open parts of the shoes facing the rnidrib 
of the leaf. Such a stage of deficiency has an indefinite future as i may 
gradually disappear without corrective measures being taken, it may 
persist for one or two years and still be present at final leaf drop, or it 
may become more pronounced. Such leaves, however, seldom go into 

a severe stage of deficiency. 

Severe manganese symptoms are not evident upon shoot emergence, 
as may be the case with zinc or iron, but as the leaves begin to enlarge 
rapidly strong mottling patterns develop ( figures 16, 17). The pattern 
consists of a light green to whitish mottle upon a background of broad 
green veinal bands. Extreme cases may be co-existent with deficiencies 
of other metals. If iron deficiency is not involved, however, examina- 
tion of less affected shoots usually affords information for a correct 
diagnosis. A gradation of degrees of severity is shown for lemon leaves 
in plate 9. The color contrast never approaches the yellow and green 
of zinc mottle, and leaf size is not greatly reduced as in the case of 

zinc deficiency. 
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Courtesy of California Agricultural Experiment Station 


Figure 16 . Manga- 
nese deficiency 
symptoms on \^a- 
lencia orange 
leaves: Mild de- 
ficiency showing 
the lighter green 
color between pri- 
mary veins (top). 
One leaf has re- 
covered its normal 
color as a result of 
being painted with 
a dilute solution of 
a manganese salt 
(top right). Severe 
deficiency symp- 
toms (bottom). 
The young termi- 
nal leaves are light 
green in color with 
slightly darker mid- 
ribs and lateral 
veins. In leaves of 
intermediate age. 
the pale interveinal 
spaces embrace a 
larger area and the 
colors are dull. 
Older leaves at the 
bases of twigs are 
extremely dull and 
light in color in 
areas between 
veins, and many 
whitish spots have 
appeared. 


Manganese deficiency symptoms first appear and are likel) to 
more severe on the shady sides of trees (56). The lower branc es on 
the north or northeast portions are apt to show the only symptom, 
trees when the deficiency is very mild. Shaded, inside lea\es a so 
inclined to show mild symptoms while exposed leaves may be entire , 

free of visible signs (figure 18). 
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Figure 17. Moder- 
ately severe symp- 
toms of manganese 
deficiency on leaves 
of the Eureka lem- 
on. The color con- 
trasts are generally 
greater in individ- 
ual younger leaves 
and mature leaves 
of lemons than in 
such leaves of or- 
anges. In old leaves 
the contrast may 
be less marked in 
lemons. 



Courtesy 


of California Asricultiiral Experiment Station 


F.rlv defoliation is not associated with manganese deficiency except 
in very extreme cases (55). leaves severe y 

.ILotic spots as described in sand and solution cultures (15. 30). Such 

a condition is rarely seen in field grown trees. 

No fruit symptom of diagnostic value is no • i „ 

severely lacking in normal foliage from manganese deficiency are o - 
ered in production and their fruit may be pale in both internal and ex- 
ternal color (4). This response, however, results from almost any wea - 

ening influence. 


HISTORY AND REMEDY 

Manganese deficiency symptoms no doubt have occurred for many 
decades but no clear reference to the disorder as a separate entity exists 
in early literature. No doubt, this is because other deficiencies tend to 
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develop simultaneously, and either dominate mask the manganese 
pattern. 

The essentiality of manganese for healthy gross th of citrus appar 
ently was first shown by Haas (30). Although he did not adequately 
describe the leaf patterns later recognized as typical, his illustrations 
of plants grown without manganese show' unmistakable manganese de- 
ficiency. f ield responses of improved tree vigor and better fruit quality 
were found by Bahrt and Hughes (4) and detailed symptoms were 



Courterr o/ V. S. [>epartmenl ff z4frt£u/furr 

Figure 18. Manganese deficiency on grapefruit leaves. Necrotic areas arc from freeze 

injury illustrating greater susceptibility of deficient leaf tissues. 


described by Camp and Peech (10). Widespread manganese deficiency 
symptoms came into sharp focus in Florida in the late 1930 s following 
the correction of widespread zinc and magnesium deficiencies. In Cali- 
fornia, manganese deficiency may occur simultaneously with deficiencies 

of zinc and iron and be masked (44). 

In the acid soils of Florida, the inclusion of manganese sulfate in 

fertilizer has largely controlled the deficiency of this element. However, 
as the pH goes above 6. soil applications lose their effectiveness, and 
sprays must be used. If soils are rich in manganese, roots obtain con 
siderable amounts by contact even under calcareous conditions. Stirrii^ 
manganese bearing compounds into the soil by deep plowing may 
effective even with the pH above 7 (72). In general, however, annua 

sprays are required on most calcareous soils. 
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'iiifntp nrecioito-tcci with lirnc lon^ 

Spray applications in humW cLates. They arc less 

have been used wit g _ matured leaves will respond in 

effective in and reg.ons ( 44 ' ■ may 

two to four weeks in on ^ ^ Finely ground manganous oxide 

not show complete loss of symptom . ^ ^ ^ sulfate 

also is effective and is becoming generally used 

form because less residue is left on the olmge ^^mj 
encountered in removing the resi ue nutritional spray only when 

growing tendency is to use -"^/--IVorZds 4^00^01 sprayed 
necessary. This means in pr others fairly regularly — 

with manganese, some only occasiona y. symptoms, 

all depending on the incidence and pers ence of Wi- 
In California, the correction of mild, persisten g 

has increased yields (44). 

COPPER (Co) DEFICIENCY 

symptoms 

copper deficiency ^mptoms " ^ ” 'o^CchTai 'con- 

ton “^rrshoriages'V other heavy metals, copper deficiency is 
Tassoclt^ wtrh a*leaf chlorosis in cirrus. The =arHes. sympto™ 
generally ate found on trees that are growing vigorously but do 
Lve sufficient copper to accommodate the new tissues. 

Drone to develop a few long vigorous shoots with large leaves rat 
dian a large number of medium length shoots with leaves of 

impression of unusually good health and vigor. Shoots that develop 

laterally may show a phototropic (light) response ^ . 

at their outer ends, giving rise to an S-shaped condition. Early ob^ 

servers in Florida placed considerable emphasis on this type of gro 
as an indication of copper deficiency. Such a response may be sugges- 
tive of a low copper status, but it is not a specific symptom as vigorous 

healthy shoots will do the same thing. 

Soon after long dark green shoots develop, yellowish blotches may 

appear on them, usually beside or jus. below the leaf nodes. These 

areas appear to indicate stoppage m the phloem so that carbohydrates 

cannot move from the leaves into the tree. The blotches on a typical 

copper deficient stem enlarge until one or more of them completely 

surrounds and girdles it. Small swellings or “bumps" frequently de- 
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velop along the stem simultaneous with the yellowish blotches ( plate 
10 and figure 19). When these swellings are punctured, a brownish 
gum may be seen, or it may ooze out. These gum pockets are in the 
bark and they may rupture and glaze the outside of the twig with a 
reddish brown exudate. This excretion is water soluble and may be 
washed away by rain in which case the ruptured “bump" may appear 
dry and free of gum. 






Courtesy of California Agricultural Experiment Station 


Figure 19. Copper deficiency: Sucker growth showing gum blisters and gum pockets 
(left). Young lemon fruit showing gum pockets around central pith and rough exterior 
(left center). Mature orange fruit showing gum excretions on rind and splitting tend- 
ency (right center). Mature orange showing scabby, reddish brown, cracked rind, 
gum pockets around central pith and semi-gelatinized juice vesicles {rig t). 


With time, the leaves become yellow veined (a girdling symptom) 
and drop off leaving a bare yellowish or brown stained twig which soon 
dies back to the point where the shoot originated. Several buds then 
may attempt to grow out from the site of the original bud giving rise 
to a “multiple bud” condition. In contrast to large original leaves, the 
leaves on these multiple shoots are small and abnormal in shape and 
color. They may be quite narrow and elongate with very rough margins 
and a dull brownish green color. Such leaves superficially resemble peach 
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leaves and the afffiction a considerable 

condition 126 1 . Th^ t>P sufficiently low these sntall 

r;.ir^ifbarr « - 

^'"?the copper dehciencypetsis. over a 

die back and the tree actually s rm ' /figure 20) and these shoots 

then develop from the large hmbs or trunk (hgure zu, 


V ^ 



Courtesy of Florida Agricultural Experiment Station 


Figure 20. Pineapple orange tree affected same age and 

SmeferXerueatmern'exLpTTha^^^^^^^^^ applications of copper sulfate (right). 

gradually go through the dieback process previously 
suffering from acute copper deficiency are easily damag ^ . 

many dead branches may result from that cause. Severe and prolonged 
copper deficiency, however, can be lethal, as gumming w-i even ua y 
develop in the trunk bark and even the bark of the larger roots. 

Side by side and under the same cultural conditions, orange trees 
are more readily damaged by copper deficiency than grapefruit, and 
tangerines are even more tolerant (plate 12). These observations were 
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readily apparent many years ago in Florida when copper deficiency 
was widespread. 

When only mild copper deficiency exists, orange fruits may develop 
normally or some may be marked by a reddish brown stain which 
appears to result from eruptions of gum which accumulates in the outer 
layers of the peel. These may be only scattered specks in mild cases, 
they may form spots one-eighth inch in diameter, or they may overlap 
to form large dark brown areas on the fruit (figure 19). This peel 
blemish is much less likely to appear on grapefruit than on oranges and 
is very rare on tangerines. 

When copper deficiency is acute, young orange fruit may develop 
this peel discoloration at a very early age, become misshapen, and be 
shed early. The few that remain may not develop properly, be low in 
acidity, insipid in taste, and have pulp which dries out early in the 
maturing season. Such fruits may develop gum along the inner edges of 
the segments facing the fruit axis (figure 19). Because the affected areas 
of the peel become rigid, splitting of such fruit is common at all stages 
of development including both longitudinal splitting from the stylar 
end and transverse splitting in brown areas of gum excrescence (figure 

19). 

Spotting of the peel of grapefruit is less frequent than in oranges 
and the affected surface areas are more sharply defined when they 

(jurn pockets may be found in the albedo (white tissue) of 

grapefruit but rarely in the center of the fruit ( 5 ) . 

HISTORY AND REMEDY 

Unmistakable symptoms of copper deficiency were described by 
Florida growers prior to the Civil War (84). Both soil applications 
of “bluestone” and bordeaux sprays as remedies appear to have been 
used by growers prior to 1900 in Florida but general acceptance of 
the use of copper compounds was delayed until about 1920. In 1913 
Floyd reported (25) successful results from experimental bordeaux 
sprays and in 1916 Grossenbacker demonstrated (28) responses from 
soil applications of bluestone. This was a number of years before the 
establishment of copper as an essential element for green plants. Lab- 
oratory confirmation of the essentiality of copper for citrus was not 

achieved until 1935 (33). 

Virtually all virgin citrus soils in Florida are deficient m copper, ne 
need can be met with a single application of 10 to 30 pounds of actua 
copper equivalent (Cu) per acre worked into the soil (72). or throug 
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• • ar oiripr orchards have accumulated 

,„„c PP i, „,ed in fungicidal sprays, the physio ogtc^ 

tions (65). ^ PP . without any being applied to 

requirements of the trees ^ ^ lareelv replaced by copper 

the soil ( 63 ) . Bordeaux-type sprays are now largely repi 

oxides. heavv spray treatment is much 

In other citrus areas, where soils ^eavy sp Y 

riomf aieas orcalifornfa for many years but preventative measures 
are not as universally practiced as in Florida. 


IRON (Fe) DEFICIENCY 


SYMPTOMS 


Iron deficiency is known simply as “iron chlorosis” or as “lime in- 
duced chlorosis ” It is known throughout the citrus growing areas 

the world and throughout the life of leaves. 

‘‘Tn'Ild'ciryounT leaves becoL pale green except for the veins 

nn"s:al‘: :lJs whih remain .^rrle a^f ^^00:; 

semitransparent. Leaf sixe 

If Lc shortage. Mildly affected leaves generally recover as they mature 
anrslmcient iron is accumulated. Thus, the netted pattern is not un- 
common on terminal shoots of new growth while older leaves appear 

"T cases of moderate severity, the netted pattern still may be pr^t 

while the entire leaf appears yellowish orange. We ° * 

along the veins are almost invisible. The disorder is evident in very 

young leaves and persists long after they have matured. Leaf sire gen- 
erally is reduced noticeably but conformation is unchange or 
species involved. As in mild cases, leaves are noticeably thin and paper- 
like. Such leaves are persistent and may remain on the tree for a normal 
life span of one to three years. With extended time the leaves gam 
some greenness but seldom recover completely without special treatment. 

In severe cases, the symptoms are drastically accentuated. Newly 
emerging leaves may be almost white with only a faint tinge of green 
along their midribs. They seldom enlarge to full size. They may change 
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from white to netted green as some iron finds its way into them (fig- 
ure 22 ) . Leaves so severely deficient in iron, however, are very 
fragile and they may develop necrotic spots and drop off at an early 
stage. New growth is sparse and iron deficient trees tend to die back. 



Figure 2 1 . Iron de- 
ficiency symptoms 
on orange showing 
fine venation on 
young leaves and 
spotted response to 
iron spray on older 
leaves. 


Courtesy of California Agricultural Experiment Station 


especially on their sunny sides. Over a period of years severely af- 
fected trees decrease in size from the dying back of twigs and small 

branches. 

As with zinc and manganese, a very mild deficiency of iron does 
not noticeably affect the yield or quality of citrus fruit. With increas- 
ing severity, however, tree performance is hampered until, in severe 
stages, the tree is almost fruitless. In this case, the few fruits borne are 
small, hard, coarse, dry, misshapen, and very pale in color. 
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history and remedy 

. rhiorosis is one of the oldest recognized ailments of plants 
Iron chlorosis is one o rnmoletelv successful method 

has len found .o remedy .he problem. Iron sulfate has “se^s 

ffeXr material in Florida by some growers 

nnubts mav be raised whether such a practice has benefited the trees 

as even massive applications on acid soils have failed 



Courtesy of Cali forma Agricultural Experiment Station 

Figure 22. Iron deficiency symptoms on lemon leaves. 

mild deficiencies when tried experimentally (63). Iron sprays have 
been tried extensively with unsatisfactory results. At best only a speckle 
sreening of the leaves has been achieved (figure 21). Injections o 
ferrous sulfate are effective but not practical because of only temporary 

recovery and injury to treated trees (77). 

In the past decade, chelating materials have been tried extensively 

since the discovery by Stewart and Leonard that Uees on acid soils 

respond quickly to small applications of Fe-EDTA (iron chelate) (80). 

Chelates are complex organic compounds which carry metal elements 

in a relatively soluble form, available for absorption and use by plants. 

Iron chelates have provided a practical remedy for acid soils but 

chlorotic trees on calcareous soils still are a serious problem. Sprays 
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(j( cbeliitcd iron arc not cffccuvc anJ wil appliwaiioiw arc unprrUK.tabtc 
ufnicr conditions of high pH. The required mianiitiC' rrf chelatcv arc uo- 
cconomicai gcnerallj, hut some materials, such as Hlcf 13DH\, (re 
quently are effective This material often v.iU green up some trees in 
an orchard and not others Lven those trees that respond -re ifKlmtU 
jQ rather frequent retreatmeni, thus rnauitenance b costlj A 

survey of progress in study and use of chelating agents a as recendv 

published by Wallace (87). 

Leaf symptiHns of iron deliciency became lafdesprcad i>n the acid, 
sandy citrus soils of Florida about 12 to 15 years a^ Detailed study 
showed that toxic accumulations of copper in the soil was respotmbk 
generally, heavy applications of lime restored tree vigor and the 
chlorosis disappeared Applications of chelated iron were not esseatial 
but their use hastened tree response. While some metal antagonism may 
be involved, the main effect of the copper apparently wav to kiU root* 
The lime applications inactivated the copper to the extent that absorti- 
ing roots could rcoccupy the soil. The restored roots absorbed tuffkient 
iron despite the increased pH. a condition which indicates tlut simple 
iron deficiency was not involved (65). 


boron (B) deficiency 

STarroM* 

Foliar symptoms of boron deficiency are rather general or non- 
specific. Doubts arise whether a positive diagnosis of boron defkieocy 
could be made without leaf analysis or without finding fruit lyfriptoms 
A variety of foliar symptoms have been described but they are moady 
consequences of general weakening of the tree and vary greatly from 
place to place. A tendency to wilt easily, drab foliage color, buckling 
of leaves, yellow veins, corky veins, thickened leaves, puckering aloof 
the midrib, and small translucent spots on the leaves, all have been 
described by one worker or another C31. 32, 50. 67, 69, 74). One of 
more of these symptoms may be suggestive of boron deficiency but 

confirmation is required from other evidence. i.i_— 

As shown by Haas and Klotz (32) boron deficiency injures phM 

or conducting tissue. Thus, in effect, an internal girdling » 

Some of the foliar syTnptoms arc the same as those found 
mechanical girdling of trunks or branches. Some virus disea^ ^ 
interfere with carbohydrate movement (principally sugars) an ‘ 
symptoms similar to' severe boron deficiency. This interference is 
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„rbohydra.e transport --'“8 '-t l«ron dm 
sntaU twigs, causing excess «rbohyd^es 0 accunr^au t 

and fruit and aUo jg .nsufflcent a-ou«s .0 

a nitrogen a-amP-- 

Ly develop even though the -PP'V.b' “«X" vtious Uaf 

wilts easily even when soil moisture is availab , 
symptoms already mentioned develop in chronic cases. 





Courtesy of U. S. Department of Agriculture 

c- » Rnron deficiencv in mature navel orange fruit. Note unewn thickness of 
Figure 23. Boron deficiency in 

£:'-inr dps rate whicf’sarv.s tu di.Ungaish boron dolic.oncy from 

^ HpfiriPnCV. 


As a consequence of the disturbance of carbohydrate metabolism, 
gum forms readily. Gumming of twigs (31, 70), gum exudate from 
fruit pedicels (67) and gum impregnation of fruit all have been noth - 
in fact, the best diagnostic symptom is gumming of fruit (plate 14)^ 
Orange trees mildly deficient in boron may not be easily recognized 

except from fruit symptoms ( 69 ) . _ 

Fruit of all ages may show symptoms. In the case of young fruit, 

the green color tends to fade in large areas and the fruits shed exces- 
sively (50, 69). They may be lop-sided or lumpy and have large gum 
pockets in the albedo (white tissue) layer of the peels, just under the 
lumps. Sometimes a ring of gum completely around the albedo can be 
found in mid cross-section (figure 23). More typically, however, the 
gummed areas are scattered in the albedo. The central core, or pith. 


394 


HUNGER SIGNS IN CROPS 


tnay be gum soaked and the seeds may abort and turn dark. If symp- 
toms are very scarce, the albedo in the vicinity of the stem attach- 
ment is somewhat more likely to show gum spots than elsewhere 

Unfruitfulness is one of the characteristics ot boron detkienev Many 
fruits set but fall off in the first three or tour months. The few that 
persist are insipid and low in juice content. They tend to shrivel and 
mummify on the tree; thus, the name "hard fruit" is descriptive of the 

problem (50). 

HISTORY AND REMEDY 


Haas first induced boron deficiency in citrus in artifici.il cultures 
(29). Morris first recognized and corrected boron deficiency in the 
field in Rhodesia (50. 51 ). Later studies were made by Chapm.in and 
Kelley ( 13). Ha.as ( 31 ). Roy (67). Smith (69). and Smith and Reuthcr 
(74, 75). Arsenic induces boron deficiency symptoms as shown by 


Roy (67). Use of arsenic to lower the acidity of grapefruit sometimes 
causes mild fruit symptoms as described by C amp (8). but use of 
boron in fertilizers has practically eliminated such occurrences (63) 
Boron deficiency in commercial orange orchards in Horida was de- 
scribed by Smith (69) and Smith and Rcuther (74). Boron deficiency 
is not a problem in the United States except in Florida. Most of the 
irrigation water used in western states contains ample to excess i^uan- 

tities. 

Most citrus orchards in Florida now receive boron annually as 
borax either in mixed fertilizer or in spray. Foliar absorption has not 
been proven and cjuite possibly the borax washes off in rain water and 
is absorbed by the roots. In any case, the amount required per acre 
is small and varies from 3 to 10 pounds of borax per year. Larger 
amounts have not been found to be beneficial (70). 


MOLYBDENUM (Mo) DEFICIENCY 

SYMPTOMS 

Molybdenum deficiency long has been known as ‘‘yellow-spof’ or 
"orange-spot” in Florida although the cause was not understood until 
1951. Unlike shortages of other heavy metals, molybdenum deficiency 
is unknown in immature foliage. After deficient leaves are fully en- 
larged and three or four months old, they begin to develop translucent 
spots along their sides. These spots are light green and relatively in- 
conspicuous unless viewed with transmitted light. They are irregu a» 
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i„ contour and size and resemble during mid-summer 

tion known as “Tnesophyll collapse, collapse ot leaf ti. 

veins During the fall the affected areas become impregnate wi ^ 

anTmaki reddish brorvn spols. The mesophyll around these jipo's 
loses its chlorophyll and forms yellow or orange ha os aroun 

*”r:nd"nly a single spot may appear on a single leaf and only 
a few leaves may be affected per tree. On StaPe^h'yhe POts “re w 

are fairly small on mandarins, usually being less than ""h-'°“t'h J^h 
across and usually slightly elongated between two <*'“8°"“' . 

Orange leaves show a variation in spot size but sjwts / 

are about one-fourth of an inch across or slightly ^ild ca 

may continue to show symptoms for many months. Li -e sig ^ B 

nex deliciency they are inclined to develop hrst on the shaded sides 

'’'^The severity of molybdenum deficiency increases, more leaves 
are affected and the number of spots per leaf increases ( p ate 
Leaves even mav show over-lapping of spots as the number goes up. 
Usually the spots are most readily seen in late summer or early fa ■ 
Leaves that show spots generally are destined to drop early. Thus 
leaves produced in spring are dropped m the fall when only eigh 
ten months old and deficient trees assume a very thin and unthrifty 

'^'^While all cultivated citrus varieties appear to show similar foliage 
symptoms of molybdenum deficiency, none seem to show destinctive 
fruit symptoms. Yields may be adversely affected in cases of chronic 
defoliation but quality of fruit is not visibly affected. Trees grafted onto 
grapefruit rootstocks are more susceptible to this deficiency than trees 

on other commonly used stocks. 


HISTORY AND REMEDY 

While yellow-spot or molybdenum deficiency symptoms have been 
seen in Florida for over 60 years ( 24 ) , relatively little damage has 
been done to commercial fruit production by their presence. For un- 
known reasons, the symptoms have tended to go through cycles. Fairly 
widespread signs during one year have been followed by several years 
when symptoms have been relatively rare. Poorly drained soils around 
lake margins tend to be highly acidic and here yellow-spot has been 
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most frequently found. Groves that have received considerable 
nium sulfate also have been more inclined to show symptoms. 

In 1951 Stewart and Leonard showed (79) that yellow'-sptjt 


ainmo- 

was a 


specific symptom for molybdenum deficiency. Affected leaves respond 
to a foliar spray in two to four weeks. As little as 1 ounce of sodium or 
ammonium molybdate in 1(X) gallons of water is highly elTective. The 
yellow spots will disappear from the upper surfaces of leaves but the 
gum spots on their lower sides will remain, l.eavcs that are sprayed 
before leaf fall begins generally will regreen and remain on trees for 


a normal life span. 

Yellow-spot symptoms on citrus in Florida now are recognized as an 
indication of inadequate liming and low soil pH. The symptoms gradu- 
ally disappear following lime applications and they rarely are found 
since liming has become a general practice (63). Leaf requirements 
for molybdenum are very small (85) and phosphatic fertilizers carry 
significant amounts of this element as an impurity. Widespread molyb- 
denum deficiency in citrus is unknown outside of Florida. 
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Potassium 


Zinc 


KEY TO NUTilEKT DEFICIENCY SYMPTOMS OF CITRUS 

Element 

. ^ Deficient 

A «;vmDU>rm on*in*tin« on young leaves or ivkigs. 

B Uavei unifonn in color ov^r entire area, growth reduced, frequen y 
resulting in bushy appearance. 

c. Nevi leaves pale green to yello*. growth short, sparse; trees 

unfruitful, fruit pale in color V J.' 'n "11 

C. New leaves very light yellow-green to yellow . markedly yeUower 

than above * ' 

C New growth repressed, foliage color drab or lustMlcss. 

misSapen; fruit with gum spots in the nnd. abortive seeds, 

fruit drop excessive ’ ‘ * ‘ *.* * ’ 

c Leaves nearly normal, growth wiUowy and compressed; fruit 
unall. thin skinned, tends to drop prematurely 

C Leaves usually large and very dark green, gum pockets at 

of petioles on vigorous growth, gummy excres^ww on jw^ 
and fruit and in aiurs of fruit segments; dieback of twigs. 

multiple sprouts 

Leaves irregular in ccUor patterns. 

C Leaves grcailv reduced in size, pointed or very narro^, wi 
sharply contrasting pattern of bright yellow mottling on 

green background; fruit small and pale 

Q Leaves approximately normal in shape and size, or only slightly 

reduced in size. 

D Pule green or grayish mottle on green background; 

often horse-shoe shaped with open end toward nudrib ; 
or may be a marbled pattern with dark green foUowmg 

crooked network of veins 

D Fine network of straight green veins on very light preen to 
yellow or whitish background forming a feather- “ 
pattern, growth reduced, and dying of twigs common. 

\ Symptoms originating on mature leaves. 

B. Fading of chlorophyll starting in localtrcd areas and gradually 
Spreading. 

C Fading of chlorophyll starting laterally parallel to midnb ^ 
spreading from there, but with base of leaf usuaUy rematning 
green in very advanced stages, forming a green wedge; early 
Nation of old leaves Magnesium 

C. Fading of chlorophyll along edges of leaf and gradually involving 

areM between veins, early abscission of Icates Calcium 

C. Fading of chlorophyll in blotches at or near the apex or outer 
half of leaf. Notches spread and coale^, color deepens from 
pale yellow to golden bronze, browning of leaf tips, leaves 

persistent; drab foliage, excessive wilt • 

C. Fadmg of chlorophyll in large inter-veinal spots, spoU with 
vellow or orange halo and may coalesce, brown gummy spots 
on lower surface Molybdenum 

B. Fadmg of chlarophyil riot localized at start. 

C. Leaves fading to yellow green and eventually becoming entirely 

yellow or with wiiili^ veins Nitrogen 

C. Leaves fading to dull green and eventually to orange yellow; in 
extreme cases, burned areas on leaves ; fruit coarse and spongy 
tSh^w center and high iu:id Phosphoni. 


Manganese 


. Iron 


Potassium 
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Courtesy of California Agricultural Experiment Station 


Plate 1. Orange leaves showing yellowing due to nitrogen deficiency. 
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Plate 2. Effects of varving potash supply on size and texture of oranges. I . 

picked in October 194.^: a. Fruit picked from trees suffering from acute poU'-sin ^ 

The stems died back on some of these, leading to necrosis of stem and fri i . . ^ 

tree only slightly deficient in potash, c. Fruit from tree receiving p„,aa 

tree receiving excessive potash. II. Navel oranges picked in 1944 a. ‘ receiwng 

deficient tree. b. Fruit from tree only slightly deficient in j)otas . c. rui 

ample potash. Flilgardia, Vol. 17. p. 650. 
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Courtesy' of California Agricultural Experiment Station 

1 Leaves showing so-called vein chlorosis, a result of girdling 
of the root, or any other injury that disrupts transfer of plant food in citrus trees. 



Plate 4. 


Courtesv of California Agricultural Experiment Station 

Advanced stage of calcium deficiency on lemon leaves showing dead areas 

developed in mesophyll regions. 
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O^Hr/r.vv of Florida Agricultural Exr^rhneni Station 

Plate 5. Magnesium clelkicncj in grapefruit foliage showing 
leaves adjacent to fruit. 1 he vellowing starts near the 

spreads outward until it takes in the entire leaf, after which the leaf she . 
freepiently leaving the fruit on a long twig entirely devesid of leaves. 
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Courtesy of Califorrtia Agricultural Experiment Station 


Plate 6. Shoot from navel orange tree in early stages of sulfur deficiency. New growth is very' 
>ellow as compared with older growth. Yellow leaves are similar in appearance to nitrogen 
starved leaves. In a more acute stage of deficiency, the older leaves are less green than those 
shown here and many have a yellowish midrib. These symptoms are from trees grown in 
large containers of soil. Sulfur deficiency has not been identified in the field. 
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Courtesy of Florida Agricultural Experiment Station 


Plate 8. Manganese deficiency symptoms of newly matured orange leaves, 
showing dark green areas along midribs and main lateral veins and light green 
areas between veins. Note that the leaves are normal in size and shape. Such 

leaves become very dull green at full maturity. 
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Courtesy of California Agricultural Lxperiment Station 


Plate 9. Symptoms of manganese deficiency in lemon leaves; Very mild symptoms 
shown by the leaf on the left are commonly seen m the field, but those on the other 

three leaves are seen occasionally. 
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Courlesy of California Agricaliaral Experimenl Siu,io„ 

Plate 10. Copper deficiency on “water-sprout type °°gg,ioned to show sum. 

orange. Upper— Intact pustule Such pustules are specific for copper 

Pustules may occur singly (upper) or in pairs (lo c )■ 

deficiency. 
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Plate 1 1 
growing 


Courtesy of Florida Agricultural Experiment Station 

. Copper deficiency in citrus showing large leaves with weak twigs 
from multiple buds which die back before they are fully developed. 
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Courtesy of Florida Agricultural Experiment Station 


Plate 12. Copper deficiency in Pineapple orange showing brown excretions 
on the surface of the fruit. Such fruits also are likely to have gum pockets 

in the rind and gum in the axes of the segments. 




Courtesy of Florida Agricultural Experhnent Station 


Plate 13. Iron deficiency symptoms in orange leaves showing fine green veins on a yellow 

green to yellow background and fine twig growth. 
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Courtesy of U. S. Department of Agriculture 


Plate 14. Boron deficiency in Pineapple oranges. Degreening as shown and excessive shedding 
of young fruit are associated with this deficiency. Note gum deposits in albedo. Fruit also 

shows gum in central axis and aborted seed. 



Courtesy of U. 5 . Department of Agriculture 


Plate 15. Molvbdenum deficiency in grapefruit leaves. Note indiscriminate occurrence and 
variation in size of yellow spots. Leaf on left shows reddish gum spots on under surface of leaf. 
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Chapter 



Nutrient Deficiencies in Sugar Crops 

By W. R. Schmehl and Roger P. Humbert * 


N utrient deficiencies in sugar beets and in sugarcane must be con- 
sidered in relation to both yield and quality factors since these 
crops are grown for the sucrose that can be obtained through process- 
ing their respective roots or stalks. Quality factors of concern include 
not only sucrose content but also purity of extracted juices. Purity is 
one of the factors which determines the efficiency of crystallization. 
Thus, fertilizer practices that give high yields may produce a crop so 
poor in quality that its processing is uneconomical. Conversely, those 
practices giving a high content of sugar may result in efficient process- 
ing, but yields may be so low that the crop is unprofitable for the 
farmer. The objective in efficient sugar crop production is to provide a 
balance in soil and crop management practices that will result in high 
yields and high crop quality. 

Symptoms of nutrient deficiencies in the sugar crops have a double 
meaning: (1), the relationship of the deficiency to yield and (2), the 
relationship of the deficiency to quality of crop. Both must be con- 
sidered when interpreting deficiencies of plant nutrients for sugar crops 
in terms of soil management practices. 


PHYSIOLOGY OF SUGAR ACCUMULATION 

To understand the nutrient relationships in sugar crops, the physiology 
of growth in relation to sugar accumulation should be reviewed. This is 
significant because yield of refined sugar rather than simple dry weight 
production is basic to the growing of both crops. Quality is of greater 
importance for sugar crops than for most field crops since payment often 
is scaled by the processor on the basis of sucrose (sugar) content. 


• W. R. Schmehl is Professor of Agronomy, Colorado State University, and Roger P. Humbert is 
Western Director, American Potash Institute. 
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SUGAR BEETS 

The sugar beet, Beta vulgaris L,, is a biennial that develops a large 
succulent root in which food reserves high in sugar are stored during 
the first year of growth. The flower and .seed are produced during the 

second year. The beet root generally is grown commercially as a source 
of sugar. 

Sugar accumulates in the storage root when the carbohydrates 
(sugars) produced during photosynthesis in the leaves exceeds the 



TIME 

Reproduced front original by A. Ulrich, University of California 

Figure 1. Schematic diagram of the growth and development of sugar beets during the 

growing season (left of vertical line) and during ripening. 

carbohydrates required for respiration and growth. Carbohydrates are 
the source of energy for nutrient uptake, nitrate reduction, formation of 
new tissue, and are a part of new plant tissue. The balance between 
sucrose used in respiration and growth and that going into storage is 
not controlled by an internal mechanism that triggers sucrose accumu- 
lation; instead, sucrose accumulation is induced by the external en- 
vironment. When a change in environment induces sugar accumulation 
it often is called “ripening" or “sugaring up.“ 

Growth and development of the sugar beet and the accumulation of 
sugar during the season in relation to the environment has been shown 
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vcheniatically b> Ulrich (18) in figure 1. The first part of the season 
is represented as a time of constant climate and a high level of nutn- 
fion This is followed by a period of ripening caused by cooler tem- 
neratures, decreasing nitrogen, or other factors. Early in the season 
w.hen tops and fibrous roots grow at a rapid rate, sucrose is used large y 
in iirowth. Any sucrose in excess of growth requirements is stored in the 
root. The sucrose content increases slowly. Later in the season the fresh 
weight of the tops reaches a relatively constant value but the root weight 
continues to increase while the sucrose content remains nearly constant. 
The quantity of sugar stored is regulated by that produced minus that 
used for maintenance and growth. Development of the plant continues 
in about the same manner until a change in environment causes a 
change in the pattern of growth of the sugar beet. As fall approaches. 
ccMiler temperatures result in slower utilization of sugar in respiration 
and growth; consequently, sugar storage increases. This is reflected in 
an increase in percentage of sucrose as the growth rate of the root de- 

clines. /'ll. 

The ripening caused by cooler temperatures may be modified by the 

available nitrogen supply in the soil. If available soil nitrogen remains 
hieh. much of the sugar continues to be used in the formation of new 
plant tissue late into the fall, and the root fails to “sugar up. On the 
other hand, if the nitrogen supply to the plant decreases as fall ap- 


proaches, formation of new tissue is retarded, and the sucrose content 
of the root increases at a faster rate. Maximum sucrose accumulation 
will result when lower temperatures and nitrogen deficiency are acting 
simultaneously to induce ripening four to six weeks before harvest. 

Under field conditions, air temperatures and amounts of sunlight have 


considerable influence upon the sucrose contents of sugar beet roots. 
But since climate is beyond the control of farmers, considerable em- 
phasis ha.s been placed on better soil management practices to improve 
the quality of the roots. Plant breeders also are working on the problem 
bv attemptins to develop new genetic populations which are more tol- 
erant of high levels of available soil nitrogen in given climatic en- 
vironments. 


SUGARCANE 

The sugarcane plant, Saccharum officinarntn, a perennial grass, has 
been described as the most efficient of all storers of the sun s energy. 
Sucarcane (figures 2 and 3. plate 10) grows from stools established from 
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Figure 3. A stool of sugarcane at maturity, Newton, Mississippi. 
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system has been thoroughly investigated and these studies form the 
basis for fertilizer placement for maximum ellieienes of utilization 
Nutrition in sugarcane also plays very important roles in photosvn 
thesis, in sugar synthesis, and in sugar translocation and storage 
Studies with radiocarbon tagging show that phosphorus dcfieiencs m 
the early stages of growth depresses photosynthesis more llum does 
nitrogen or potassium deficiencies. In older plants photosynthesis rates 
decrease with increasing severity of potassium deficicney. Leaves show- 
ing no visible symptoms of potassium deficiency, but having a potas- 
sium percentage of 0.91, had a 10 percent lower rate of photosynthesis 
than control leaves w'ith potassium percentages of 1.70 to I.X9. The 


rate of photosynthesis in leaves w'ith dry, brown edges and having j 
potassium percentage of 0.40 was 84 to 98 percent below that in con 
trol leaves with potassium percentage of 1.70 to 1.73. 

Nutrient deficiencies limit the translocation of sugars to the 
storage tissues. The downw^ard movement of newly formed sugars pro- 
ceeds at the rate of approximately 2.5 centimeters per minute in leaves 
of a well-fertilized cane plant in the field. Phosphorus deficiency does 
not materially reduce the rate of translocation, nitrogen deficiency shows 
an intermediate effect, while lack of potassium may reduce the linear 
rate to well below half that of the control plants. 

Growth of sugarcane is very rapid during the first few months after 
a crop is planted. The cane is fertilized and irrigated for maximum early 
growth. As harvest approaches, vegetative growth slows down as nitro- 
gen reserves in the soil are depleted. Irrigation intervals are gradual!;, 
lengthened to force the conversion of reducing sugars to sucrose. In 
climates with pronounced rainy and dry seasons, growth is rapid during 
the rainy season and the crop ripens as the dry season progresses. Cli- 
matic factors, such as temperature, day length, and others, affect the 
“sugaring up” of sugarcane just as described for sugar beets. 


NUTRIENT DEFICIENCIES IN SUGAR BEETS 

NITROGEN /N) DEFICIENCY 

A 20-ton beet crop will contain about 200 pounds of nitrogen. In a 
study conducted in Great Britain, Knowdes, et al, (11) reported that 
about 80 percent of the total nitrogen utilized by sugar beets in a season 
was absorbed by early July. Similar results were reported by Carlson 
(4) and Jekic (10). With a crop such as sugar beets which is grown 
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for i.s suoar content, high nitrogen fertility is needed early in the season 
M oromote rapid establishment of the plant and to give a large leaf 
rea as early as possible. The plant should, however, become deficient 
in nitroeen four to si.x weeks before harvest to induce sucrose accumu- 

'^^If'^supplies of available soil nitrogen remain high into the fall, top 
orowth continues into the ripening period and the beets fail to sugar up. 

A verv common observation is the inverse relation between the level of 
nitrocen fertility and sugar content of the root. Excessive amounts of 
nitrogen late in the season also may cause an increase in soluble impuri- 
ties which interfere with crystallization of the sugar in refining processes. 

Nitrogen deficiency in sugar beets, though desirable during ripening, 
will reduce sugar production when it occurs early in the growing sea- 
son. In the spring when the soil is cold and mineralization of orpnic 
matter is slow, nitrogen for young beets may be lacking. This deficiency 
results in stunted plants with small, light-green leaves. As soil tempera- 
tures rise, release of nutrients from organic matter increases, and plant 
roots forage deeper into the soil. In some soils, the plants will green-up 
and growth will proceed normally; in other soils, those quite low in 
available nitrogen, the crop may not recover fully without addition of 

supplemental nitrogen. 

Nitrocen deficiency in sugar beets is observed initially as a general 
light-green color of the leaves 

sis). Since nitrosen is translocated from old to new leaves, chlorosis 
is more intense on the older growth, but the yellowing generally is uni- 
form over the individual leaf. As the deficiency becomes more severe, 
the leaves become yellow ( plate 1 . left ) and the outside leaves later 
die; with extended deficiency new green leaves may grow in a smaller 
rosette from the center of the crown (plate 1, right). The leaves of ni- 
trogen-deficient plants grow more or less horizontally from the crown 
so that the old leaves tend to lie flat on the ground (6. 7 ). When nitro- 
gen is lacking, the photosynthetic area is reduced; nonetheless the sucrose 
content of the root may be quite high because growth is restricted. 

Leaf symptoms of nitrogen deficiency are most easily confused with 
certain infections, such as virus “yellows. With this disease a general 
Yellowing occurs and an infected field may have the appearance of 
nitrogen deficiency even though the plants have adequate supplies of 
this nutrient. Close observation will show, however, a patchy yellowing 
on individual leaves (9) as contrasted with the more uniform yellow- 
ing with nitrogen deficiency. If a question of positive identification arises. 
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nitrogen dclicioncy generally can be detected by testing for nitrate- 
nitrogen in petioles (leaf steins). 

Late applications of nitrogen fertilizer are not recommended be- 
cause new top growth is stimulated and stored sugar may be utilized 
in respiration and growth. In climates where there is little late summer 
or fall moisture and evaporation rates are high, nitrate salts may con- 
centrate on the soil surface. Late rains return these surface nitrates to 
the root zone. This stimulates top grov\th and reduces the sucrose con- 
tent of beet roots in a manner similar to late applications of fertilizer 
nitrogen (16). Nitrogen in organic residues also may become available 
as soil moisture increases and result in stimulated growth late in the 
season. 

High levels of petiole nitrogen, similar to those caused bv excess 
available soil nitrogen, ma\ be pri>duced b\ a nutrient imbalance result- 
ing from a deliciency of some other nutrient. When the deficient nu- 
trient is added, the sucrose content of beet roots often increases. On the 
other hand, \shen petiole nitrogen is high because of an excess of avail- 
able nitri>gen rather than a deficiency of another nutrient, application 
of other nutrients in large amounts, for example, phosphorus or potas- 
sium, eeneralK ha\ little or no intluence on the sucrose content of the 


roots 


PHOSPHORUS P DEFICIENCY 



Carlstm <4 1 in Montana, and Kmnvies, et al, ( IH in Great 
found ih,it phosphorus is ab'Norbed more uniformly throughout the 
season than i^ nitrogen In their experiments, about 50 percent of the 
total phosphorus in the beet plant was absorbed b\ August 15. In On- 
tario experiments b\ ILi^wn and lr\mg t 5). one-half of the plant phos- 
plnMUs was ni>i absorbed until about the tirst of September. Jekic ( 10) 
rcpt>rlcd that uplvike of phosphtnus b\ the sugar beet was greatest in 
the pciii>d OU to 120 da\s after emergence. 

I he p,iticrn ol phosphate uptake b\ sugar beets nia\ explain win they 
frequcnlh rcco\er from phosplunus deliciencics noted during earl) 
staves i>f L’liwsih it tliis element bectunes available later in the season. 

I he laree ditferenee in eatlv vrovvth of the beets in fieurc 4 was c.i 

, • % s. 

On a dilleicnce m the ti\ ailabilitv ol applicxl ishosphate because of method 
i)f applicalmn \ isual ditTerenccs observev.! in growth m the seedline 
stage had disappearcvl bv \ugusi and final viekis were tlie same on both 
phus Mils will not .dwavs occur, however. ,md results pi\>baMv 
have iveen iiilfcrent Irad tlie pi. mis Iven attacked by disease or insects 
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. - fhp .’arlv stages of erov^th. Also, the ability to recover from de- 

SdVpplicat.ons o^f phosphate without loss of yield will depend upon 

^^Vhos'phorus deficiency may delay emergence of sugar beet sprouts, and 
cause the seedlings to grow slowly and become stunted. Leaves of 
deficient plants generally are green to dark green (plate 3^) an 
mav be frinaed with a bronze or reddish coloration. The leave 
phosphorus deficient plants stand erect. The dark green color is asso- 



p- a The effect of method of phosphate application on growth of sugar beets during 
Th. nln, on the StVeceived 110 lbs. P in side band planting: the plot on the 
leff received the same rate of P plowed down 2 weeks before planting. 


dated with a high level of nitrate nitrogen in the plants caused by re- 
stricted growth. Since there are no good characteristic symptoms of 
phosphorus deficiency, petiole analyses are required to confirm diagnosis 

If phosphorus deficiency persists as the season progresses, sugar beet 
leaves gradually lose their dark green color and may become a light 
ureen or yellow (7). Older leaves die and the plant symptoms may re- 
semble those of nitrogen shortage, but a tissue test for nitrate nitrogen 
will distineuish between the two deficiencies at this stage of develop- 
ment. An^acute phosphorus deficiency may cause a brown or black 
inter-veinal necrosis and the leaves tend to curl upwards. In advanced 
stages the plant dies leaving a whorl of dead leaves around the crown 

(9 1 * 43 ) 

Phosphate deficiency usually is difficult to diagnose early by visual 
observations and by the time the deficiency is confirmed, crop yields 
may be reduced considerably. Applications of phosphate after the crop 
is growing are only partially successful, because phosphorus is strongly 
absorbed by the soil, and fertilizer is difficult to place in the root zone 
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without considerable root injury. Since reliable methods of evaluating 
the level of available soil phosphorus are well known, a soil test should 
be used to determine the need for phosphorus before planting. When 
need for phosphate fertilizer is established, it should be applied as a 
preplanting treatment or no later than at planting. 

POTASSIUM (K) DEFICIENCY 

A 20-ton per acre sugar beet crop will contain about 200 to 225 
pounds of potassium. Potassium is not a structural component of the 
plants but is associated with growth processes. This nutrient is required 
in carbohydrate metabolism, and is essential in protein synthesis (21 ). 

Potassium is found in plants largely in .soluble form in the cell sap 
and cytoplasm. When pota,ssium supplies are adequate, it is distributed 
relatively uniformly throughout the leaves. Concentrations of potassium 
are highest in the growing points. When a shortage of this nutrient oc- 
curs, it is readily translocated from older to newer, more actively grow- 
ing tissues; therefore, a deficiency of this nutrient is observed first on 
the older leaves. First signs of potassium deficiency appear as a yellow- 
ing at tip and leaf edges (plate 2, second leaf from left). As the 
deficiency increases, the dull yellowing extends inwards between the 
veins, the edges turn brown, and a marginal necrosis develops (6). A 
crinkling of the leaf may develop becau.se growth in its center continues, 
whereas growth is stopped on the leaf extremities due to deficiency of 
potassium in that region. With still greater deficiency, the older 
leaves show an inter-veinal scorch, followed by withering and collapse. 
Wallace (21 ) reports that the leaves of potassium deficient plants may 

be long and narrow with longitudinal lesions on their petioles and 
midribs. 

The scorching of leaf margins which is characteristic of potassium 
deficiency is not a positive identification. Similar symptoms may develop 
from magnesium deficiency, burning from excessive soluble salts, 
drought, or boron toxicity (21). Plant analysis may be required for 
positive identification. 

SODIUM (No) DEFICIENCY 

Sodium generally is not considered an es.sential plant nutrient, yet 
it often enhances the grow'th of sugar beets in the presence of ample 
potassium ( 1 . 12). The role of sodium in sugar beet growth is 
not known. It may replace part of the potassium requirements of the 
plants. Sodium apparently influences w'ater relations in sugar beets and 
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appears, under some conditions, to increase their drought resistance 



of sugar beets are dark green, thin, and have a dull hue. The plants wilt 
more rapidly under droughty conditions. The leaves may grow horizon- 
tally from the crown in a manner similar to nitrogen deficiency. There 
may be inter-veinal scorch similar to potassium deficiency. 

CALCIUM (Ca) AND MAGNESIUM (Mg) DEFICIENCIES 

Calcium is a constituent of cell walls and has an important role in 
regulating the acidity of the cell. It is not readily translocated from old 
to new tissue. Consequently, an available supply of calcium must be 
maintained during growth, and when calcium supplies are limited the 
new growth is affected first. Deficiency symptoms on beets usually appear 
as a distortion and downward buckling of the young leaves (plate 3B). 
As calcium deficiency increases in severity, the leaf blades collapse, 
blacken and die. leaving petioles with black tip burn (figure 5). 
At this stage the symptoms may resemble boron deficiency. The older 

leaves show a marginal scorch (9,21 ) . 

Magnesium is a constituent of chlorophyll; therefore, one of the 
deficiency symptoms commonly exhibited is chlorosis. Since magnesium 
is relatively mobile, deficiency symptoms appear first on the older 
leaves. Magnesium also has a role in numerous enzyme reactions in life 
processes and is closely associated with energy supplying phosphorus 
compounds (21). Adequate supplies of magnesium are governed not 
only by the absolute level of magnesium but by the calcium-magnesium 
ratio. A large excess of calcium relative to magnesium may induce 
magnesium deficiency. 

Symptoms of magnesium deficiency appear on beet foliage as a 
patchy, inter-veinal chlorosis beginning near the tips and leaf margins, 
appearing first on the older and then on the newer leaves. As the 
deficiency becomes more marked, the chlorosis progresses inward from 
the margins as large lobes between green veins. In the more advanced 
stages the yellow areas become necrotic, first near the leaf margins and 
then extending between the veins (plate 4); the older leaves may wither 
and drop from the plant. Magnesium deficiency tends to show a more 
general yellowing of the leaf than does potassium shortage. Magnesium 
deficiency also may be confused with virus yellows in some stages of 
development. Virus yellows tend to show a patchy irregular distribution 
of symptoms over the leaf and the yellow leaves are thick and brittle ( 9 ) . 
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Calcium and magnesium deficiencies may appear on plants grown. 
I ) in soils of intermediate to high soil acidity which have limited supplies 
of exchangeable calcium and magnesium because of their light texture, 
or 2 ) in soils where there is an imbalance among the levels of soil 
calcium, magnesium, potassium and sodium. In situations where aciditv 
is quite high, possible calcium and magnesium deficiencies in the plant 



Courtesy of R. L. Cook. Michigan State Vnixersity 


Figure 5. CalciLmi-dcficient sugar beet. Note the death of the new growth. 



similar to 



often are masked by toxicities caused bv excess soluble aluminum and 

♦ 

manganese in the soil (15, 21), Aluminum toxicity causes 
plants with dull green leaves: dead areas may appear near tips and 
margins of the leaves. Leaves and shoots show symptoms ? 
phosphorus deliciency; roots are small and may be sprangled. 
toms of manganese toxicity appear usually as a uniform yellow-green 

m 

and the plants are stunted. In later stages chlorotic mottling and necrosis 
may dc\elop (9, 21 ). 

( Ulcium and macnesium deficiencies ma\ be so closely associated with 
soil acidity that deficiencies of these nutrients can be alleviated only b\ 
the application of a material such as limestone or dolomite which also 
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reduces soil acidity. Neutral salts are unsatisfactory sources of calcium 
and magnesium on strongly acid soils (15). 

SULFUR (S) DEFICIENCY 

Sulfur deficiency in sugar beets has been reported in California (14) 
and in Oregon (17). Undoubtedly, this deficiency is not more wide- 
spread because sulfur is a constituent of many commercial fertilizers; 
also the sugar beet is a deep-rooted crop and sulfur reserves often found 
in the subsoil become available to the plants. Many of the sugar beet 
areas in western states are on alkaline soils well supplied with sulfates. 

Sulfur is a constituent of proteins and is needed for chlorophyll for- 
mation. Symptoms of sulfur deficiency are characteristic in many ways 
of nitrogen deficiency, since sulfur and nitrogen have parallel roles in 
protein and chlorophyll synthesis. A deficiency causes a uniform yellow- 
ing of the leaves, but since sulfur is not as mobile as is nitrogen, de- 
ficiency symptoms tend to be more pronounced on young growth, 
whereas nitrogen deficiency is most evident in older tissues. As sulfur 
deficiency becomes more severe, necrotic areas develop which are in- 
dependent of the veins (plate 5). Petiole analysis can be used to 

distinguish nitrogen from sulfur deficiency. 

BORON (B) DEFICIENCY 

Boron deficiency is the cause of a “disease” of sugar beets known as 
“heart rot,” and many attempts were made to isolate the causal organism. 
In 1931, Brandenberg of Germany found that heart rot was caused by 
boron deficiency. This has been verified by other workers in the United 

States as well as in Europe ( 7 ) . 

Boron deficiency in sugar beets has been observed on neutral or 
alkaline soils of Michigan ( 7 ) and in sugar beet growing areas of the 
Northwest (5, 17). In Great Britain, Hull (9) reports that boron de- 
ficiency occurs most often on light textured, sandy soils low in organic 
matter, and is more common in dry summers. Frequency of appearance 
increases on limed fields and in heavily fertilized early planted crops. 

A deficiency of boron causes a breakdown of the growing point (6, 
7). In the early stages of this deficiency, young leaves are distorted and 
may fail to expand (plate 6, left). Petioles and leaf blades show a 
transverse cracking which causes a twisting of the petioles and midribs. 
The older leaves tend to lie on the ground in a manner similar to that 
caused by nitrogen deficiency, but they are dark green in color until they 

begin to disintegrate. 
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In the more advanced stages ol the deficiency in a sugar beet, the 
growing point dies, the outer leaves turn yellow, become scorclicd. a 
may die. In severe cases the v\hole plant may be defoliated l ater in the 
season, regrowth of leaves, although dwarfed, may nearlv cover the 
black tissue of the crown. 

Root svmpttnns begin to appear during midsummer alter the hhh has 
obtained considerable si/e. 1 he deliciency appears first as a gre\-brown 
discoloration of the root tissue and then as a black, dead area m the 
center of the crown (figure hi. This may result m formation <)f large 
amounts of corky tissue and in roots Itnv in suentse (6, 7). Dark 
colored pits or holes sometimes develop in crowns (figure b). Decav of 
the aflected tissue usually results from secondary attacks by fungal 
organisms ( 9 ). 

Considerable variability may be seen in amount of breakdown of 
beet roots, l.eaves may show deheienev symptoms with little or no heart 
rot, but some breakdown of the root generally is noticeable. 

Inclusion of boron in fertilizer programs is a general reeomnienda- 
lion for beets in Michigan (7 ) and in other areas w'here boron deficicnev 
is common. Seven to 10 pounds borax per acre have been found to be 
adequate in most cases. Boron should be applied in small amounts to 
prevent toxic effects of too high a concentration, particularly for succeed- 
ing crops. 

MANGANESE AND IRON (fe) DEFICIENCIES 

Manganese deficiencies are most often observed on sandy, light 
textured soils that have been limed ( 7 ). The cause generally is associated 
w'ith low availability rather than an inadequate total supply in the soil 
Cook (6) advises that the soil reaction should be determined when 
manganese deficiency is suspected. Under Michigan conditions, man- 
ganese deficiency may be expected if the pH of the soil is above 6.8. 
Manganese becomes highly available in acid soils, and may, in V)me 
acid soils, become so soluble that it is toxic to plant growth f 15 ). 

A deficiency of manganese is first noticeable as a mottling of new 
leaf growth and results in a chlorosis of inter-veinal tissue (plate 2. bot- 
tom left). The veins and adjacent tissue remain green for a considerable 
time after the rest of the leaf is yellow. Leaf margins curl upward. 

Deficiency symptoms of manganese have been called "‘speckled 
yellows" (21 ) because of the inter-veinal chlorotic mottling. Mottling 
is rather uniform over the leaf as contrasted wath more marginal effect^' 
for magnesium deficiency. The mottled areas may develop brownish 
lesions and the tissue may die and fall out, leaving small holes. 
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With a more severe deficiency of manganese, the veins may become 
chlorotic. In such cases, considerable similarity may be seen between 
Manganese and nitrogen deficiency, but the two deficiencies can be dis- 
tinguished by tissue tests for nitrate nitrogen in the petioles. Manganese 
deficiency is sometimes confused with potassium as well as nitrogen 
deficiencies. Deficiency symptoms of these nutrients generally can be 



Courtesy of R. L. Cook, Michigan State University 

Figure 6. Boron-deficient sugar beet roots. The cross-sectioned beets show blackened 
tissue and dead hearts with new growth. Note the canker on the side of the whole beet. 

distinguished b\: ( 1 ) an inter-veinal chlorosis for manganese deficiency, 
(2) a marginal chlorosis for potassium deficiency, and (3) a uniform 

yellowing for nitrogen deficiency ( plate 2). 

Deficiency of iron seldom is observed on sugar beets in the field, but 
it has been produced in sand cultures (7, 21 ). Since iron is relatively 
immobile in plants, symptoms in beets appear first on younger tissues 
as a fine chlorotic mottling or bleaching in contrast to the dark green 
of older leaves (plate 7). As the plant ages a general chlorosis of 
the plant may develop. 

Symptoms of iron deficiency are similar to those of manganese de- 
ficiency, and both deficiencies are to be expected on heavily limed and 
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alkaline soils. Iron Jeticienc) has been induced in some plants bv an 
of other nutrients ; for example, uhen manganese is present in 
amounts it mas cause an iron deliciencx ; and, converselv, an 
excess of iri>n mas cause a manganese detieiencs (21). If iron de- 
ticiencs on sugar beets is suspected in the held, a tissue test for man- 
ganese, foliar applications of iron and manganese, may be necessarv 
to CiMifirm the diagnosis. 

ZINC [In) DEFICIENCY 

A sugar beet crop of 20 tons will contain 0.18 to 0.25 pound of zinc 
per acre, \lthough i>nls a small amount, this is a relatisels large quantity 
sshen compared s\ith that needed bs other crops. Hoawn and \ iets (2) 
sursesed the need fi>r zinc applicaiu>ns on sugar beets in the ’N'akima 
\ alles and C olumbia Oasin of W a.shmgton. rhes found, for the most 
part. little need for /me K'armg fertilizer, but m one case sshere beets 
were gross n on a siKlium s»mI basing vi high pH. a f^-xon jxt acre re- 
s|X)nsc iKcuncd ft>llt>ssing .ipplicatum i>f zinc suUale. I ingle and Holm- 
hefp ( I ' i I’bscrsed large sicld iesp\>nseN to applications of zinc on sHck- 
Stalls m ( alii«>rma and sucrose contents sserc sicniticantls increased. 
I rt>m losuc analxscs. lioassn and \ lets nmcluded that the suuar beet 

• w 

pri>babl\ ssili icsfHind to applications i>i zinc if the soung, fulls dcselopcd 
leases ci>niam parts million « ppm i or less /me on a drs sveight 
basis I inch < |Ui found aK^ut tfie same ccmcentr,ition of zinc as the 
criucai lesci ft>r sugar Kxis grossn m a sermiculite culture 

In Us earliei staecs. zme dclicieiKs causes a ueneral sellossinii he- 
twwccn the sems 1 his is (ollosscv! bs ncs iotic sp^us in the inter-semal areas 
Of alone maiems of the Si^uneer leases In ads, meed siaecs ol de- 

• * « ^ V 

fiviciKs the entire leaf Made !> ncsiotk exscpi foi mam seins i plate 8» 
/mv' dctivu rux can he continued bs .m.ilssis of leaf blades 



CHiotfNi xr defk unvO 

I here is little uit^'in’aoon concernmg chlorine as .i nuttieiU ttx sugar 
s { Inch ,tno Oltki I 20) repoo’ that chioimc ssas icquired foi the 
grimtfi o! sue, it Ivets grosv !\ m seriiiu iditc and solutum cultuies and 
ssas asstxiated ssith sucrsase lorniation l hlorme sieticieiKs eaioed le 
cltKed top eiovsih and slubbv n^us 

Foliar ssmptonis of ciiloim/ vletuieiivs lits? jppe.n .is ,m inter seinal 
chi<'fosis on the blades of the souneei leases * 20) hi catlv si,iges ot 
dcsclopmcrU. tlie ssniptisfiis arc ifTijIar to those o\ m.mgaiie''e JehcieiKS 
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In more advanced stages, smooth, flat depressions form in the inter- 
veinal areas and cause the veins to have, by contrast, a distinct raised 
Appearance. In these stages the symptoms are easily distinguished from 

those of manganese or iron deficiency. 

molybdenum (Mo) DEFICIENCY 

Symptoms of molybdenum deficiency in sugar beets have been de- 
scribed in a review article by Hewitt ( 8 ) . The leaves of an affected 
plant are small and have a uniform light green color similar to that 
which occurs in nitrogen deficiency. If deficiency of molybdenum is 
severe, wilting of leaf tips or petioles results in collapse of the leaves. 
Marains curl upward to give leaves a cupped appearance. With further 
development of the deficiency, the leaves scorch and wither, the young 
leaves blacken, and the growing point dies. This is followed by death 

of the plant. 

PLANT AND SOIL ANALYSES AS AIDS IN DIAGNOSIS 

Use of visual symptoms alone to diagnose nutrient deficiencies in 
sugar beets has certain limitations. For example, some symptoms are 
not distinctive for a given nutrient: a certain symptom may be visible 
only after the deficiency is acute, or there may be multiple deficiencies. 
In addition, environmental factors or disease may cause visual symptoms 

similar to nutrient deficiencies. 

Since nutrient deficiency symptoms may be confounded with each 
other or with other factors causing similar symptoms, plant analysis 
has considerable value in diagnosis. Not only can plant analysis help 
sugar beet growers confirm or identify nutrient deficiencies, it can help 
them detect deficiency conditions before visual symptoms are apparent. 

Ulrich has developed plant analysis into an excellent tool for diagnos- 
ing the nutrient needs of sugar beets (19). The basis of his system of 
diagnosis is determination of the "‘critical concentration of each nu- 
trient under controlled conditions. Below the critical concentration of a 
given nutrient, the plants are deficient in it and the crop will respond 
to applications. Above the critical nutrient concentration the plants are 
well supplied with the nutrient and the crop will not respond to that 
fertilizer element. 

Ulrich established critical concentrations for different nutrients in 
sugar beets in a series of greenhouse experiments covering a wide range 
in nutrient supply. He found that young, fully matured leaves give the 
best indication of the nutrient status of the sugar beet plant. Petioles 
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or leaf blades may be sampled, depending upon the nutrient for which 
the analysis is made. 

Critical concentrations and concentration ranges exhibiting deficiency 
symptoms in sugar beets for several nutrients are shown in the listing 
that follows. Comparison of these data with those obtained in tissue 
analysis of the sugar beet may confirm or disprove visual diagnosis of 
nutrient deficiencies: 


Concentration Range 

Leaf Critical Showing 


Nutrient 

Part Analyzed 

Concentration 

Deficiency Symptoms 

Calcium 

petiole 


0.04 

to 0 . 10 % 

Chlorine 

petiole 

0 . 4 % 

0.01 

to 0.04% 

Magnesium 

blade 

* 

0.03 

to 0.05% 

Manganese 

blade 


4 

to 20 ppm 

Molybdenum 

blade 

* 

0.01 

to 0. 1 5 ppm 

Nitrate nitrogen 

petiole 

1000 ppm 


0 

Phosphorus as H 2 PO 4 

petiole 

750 ppm 

150 

to 400 ppm 

Potassium (> 1 .5% sodium) 

blade 

1 . 0 % 

0.3 

to 0 . 6 % 

Potassium ( < 1 .5% sodium) 

blade 

1-0% 

0.4 

to 0.5% 

Sulfur as S 04 

blade 

250 ppm 

50 

to 200 ppm 

Zinc 

blade 

9 ppm 

2 

to 13 ppm 


* Critical concentration not determined. 


Soil analysis also will help to identify or confirm nutrient deficiencies, 
but have their greatest value in predicting the nutrient status of soils 
before planting. Chemical analysis generally identifies soils low in avail- 
able phosphorus, potassium, calcium, or magnesium. The soil reaction 
indicates the possibility of a toxic environment in the soil caused by either 
excessive acidity or excessive alkalinity. Conversely, soil tests for micro- 
nutrients generally are less successful. Examination of the physical con- 
dition of the soil may help to establish the cause of certain leaf symptoms. 

Successful diagnosis of nutrient deficiencies requires a combination 
of methods. Partial chemical analysis of plant tissue, as well as an ex- 
amination of the soil should be used with visual examination to identify 
and confirm any apparent deficiency. Leaf sprays or soil applications may 
be required. In some cases, help from a plant pathologist may be needed 
to distinguish between symptoms caused by a nutrient deficiency and 
those caused by a disease. 

DEFICIENCY SYMPTOMS IN SUGARCANE 

NITROGEN (N) DEFICIENCY 

As nitrogen becomes deficient, all leaves of sugarcane exhibit a 
yellow-green color and retardation of growth occurs. Cane stalks 
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because of this increased depth of rooting is particular!) important in 
unirriyalcd cane in regions subject to droimhi. 

Phosphate fertili/ers are applied in seedbed preparation or at planting 
tune to stimulate earl> root and shoot development. Adequate phos' 
phorus insures an earl\ canop> of cane leaves for maximum growth 
and photosMithesis. Heaw rates of application often are needed, par- 
ticular!) in laterite si>ils that "lix" large quantities of phosphorus 

f.aterite soils, lound in tropical regions, are composed largelv of hy- 
drated oxides of ir»m and aluminum and are reddish to yellowish brown 
in color. They are unlike soils of temperate /ones. 


potassium K' deficiency 

Plants xulfering from .i lack of potassium s|un\ depressed growth. 
)eIlowing and m.iigin.il d)ing of older leaves, and development of 
slender stalks. ,\n or.mge-vellow cohir appe.irs in the older lower leaves 
V. Inch develop numeixuis chlonnic spots ih.it later become brown with 
dead centers i pl.ite As the spots merge, general browning of the 
le.it results. A reddish discolor.itu'ii which is civnlined to the epidermal 
cells develops on the upper surf.ices of the midribs. L.iter. the leaves 
begin to die b.ick from their m.irgins anil tips This condition of the 
leaves soinclimes is refened to as ‘ liring". 

I lie voiing leaves of pl.mts deticient m poi.issium are dark green in 
comparison with the older. )ellowish le.ivcs Since st.ilk elong.ition is 
slouci wmU potasMiini dcticicncx. ihc XiUing lca\cs appear to have de- 
veloped lrt>ui a coinnuMi [voiiu. conic a “bunched liip“ appearance. 

PoiavMuni ilelu iciK ies result in abnormal distribution of water earrv- 
ing vessels m the pith ot roi>is. small si/e tM vessels aiul parenehvma 
sells in stalks, lai. e savities m the ecnlral eoitex of roots, and under- 
dcvelopnieni of imn hairs 

Potassiuin IS rckiimed bv siieai cane in amounts crealer than am 

t'lhei nutricnl. \ ItHt iiin era'p i>l cane removes, on the averace. about 

l>\) {>>uiuls of piUassium |vt aeie Ileav v i^Kniish fei IiIlmiumi is e('*in- 

numl) praelKCil. pailuularlv mi the iieid. hiclilv leached soiK of the 
tropics 


> Ale CO OlHc. UNv'Y 
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the leaves until the older leaves have a “rusty” appearance. Growth of 
affected plants is retarded, they become weak, and their stalk rinds be- 
come soft. Eventually growth is completely stopped, and the plants die. 

Calcium is found in highest concentration in the meristematic tissues 
and in the younger leaves. It is essential for cell wall development and 

for the structures that bind the cells together. 

Liming is commonly practiced in many sugarcane producing coun- 
tries. Lime raises the pH of the soil, reducing possible toxicities of iron, 
manganese, or aluminum; it makes phosphorus and molybdenum more 
available; it often improves the physical condition of the soil; and it 
enhances the growth and development of the microbiological populations 

in the soil. 

Sugarcane is grown on a wide range of soil pH. Cane is a remark- 
ably tolerant plant as regards soil acidity and alkalinity. It grows well 
in acid soils of pH 4.0, as long as approximately 200 pounds of ex- 
changeable calcium are available per acre foot. It grows equally well 
at pH 8.3, or until excess sodium becomes a problem. 

MAGNESIUM (Mg) DEFICIENCY 

Symptoms of magnesium deficiency in sugarcane are in some respects 
quite similar to those that appear when calcium is lacking. The young 
leaves are light green while the old leaves turn yellowish green, these 
changes becoming more pronounced as the deficiency continues (plate 
11). Small chlorotic spots which later turn to dark brown develop on the 
older leaves. These leaf markings, when numerous, merge and give the 
older leaves a rusty appearance. The spotting is most pronounced on the 
older leaves and decreases in severity as it moves up the stalk onto the 
younger leaves. In severe cases of magnesium deficiency, the leaves 
are rusty, and the stalks may manifest internal browning. Different 
varieties develop the rusty appearance of leaf freckling to different de- 
grees. 

A 100-ton crop of cane removes approximately 160 pounds of mag- 
nesium per acre. Responses to magnesium on sugarcane can be ex- 
pected where the level of exchangeable magnesium in the soil falls much 
below 30 ppm, and where leaf sheath and 8 to 10 internode magnesium 
contents fall below 0.15 percent and 0.05 percent, respectively. 

SULFUR (S) DEFICIENCY 

Early symptoms of sulfur deficiency suggest those of nitrogen shortage 
in that the young sugarcane leaves develop a uniform light yellowish- 
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green color. Later, with sulfur deficiency, the voting as well as the old 
leaves assume a faint purplish tinge which in*dlcate^ an accuinul.iiion 
of carbohydrates and the formation of anthocyanin. a red-purple plant 
pigment. The leaves become narrow and fail to attain their full length 

Stalk diameters are greatly reduced, elongation is slowed down, and 
plants are generally stunted. 

Sulfur levels in sugarcane soils vary primarily with past fcrtili/aiion 
practices, with use of sulfur-containing fertilizers, and with the sulfur 
contained in the water used for irrigation, f xtractable sulfur of (he 
soil ranges from as little as 15 to several thousand pounds j-icr acre fo»vt 
Sulfur deficiencies may be expected to occur where fertilizers containing 
little or no sulfur arc used and where irrigation water contains little 
sulfate. Responses are expected where the extractable sulfur in the soil 
falls below 40 ppm. Sulfur requirements of sugarcane equal those of 
phosphorus. 65 pounds per acre for a 1 00-ton crop. 


IRON fF») DEFICIENCY 

The first symptom.s of iron deficiency in sugarcane appear as a gen- 
eral paling of the youngest leaves followed by the development of alter- 
nating green and chlorotic stripes extending their full length (plate 14 1 . 
The normal green color between the small veins first disappears, leaving 
the green around the large veins only, thus the striped effect If the dehei 
ency becomes more acute, the striping becomes less conspicuous and the 
leaves appear more uniformly chlorotic. During these changes in young 
leaves, the older leaves retain their dark-green color. 

In severe cases of iron deficiency, marked contrasts often occur in 

the leaves wherein the y'oungcst may be entirely white, the intermediates 

partially green, and the oldest subnormal green. If iron is not supplied, 
the plants die. 

Iron deficiency may occur in sugarcane growing in lateritic soil** 
containing high quantities of soluble manganese and on high pH soils 
derived from coral and other calcareous parent materials. Iron toxicity 
occurs where cane is grown under water-logged conditions and where 
the iron is reduced from the ferric to the ferrous slate. Under the latter 
conditions grey node symptoms appear. 


MANGANESE Mn, DEFICIENCY 

Early symptoms of manganese deficiency in sugarcane leaves arc 
characterized by a fading of the normal green color between the vas- 
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...lar bundles followed by the development of definite, pale, yellowish 
“ n to white longitudinal stripes (plate 12). The stripes are confined 
m middles and tips and seldom extend the full length of the leaves as they 
ITn cases of iron deficiency. This difference aids greatly in differentiating 
the deficiency symptoms of manganese from those of iron. Where man- 
o inese deficiency is acute, the chlorotic stripes become white. Reddish 
hrown areas of dead tissue appear, later develop into continuous stripes, 

and split the leaves longitudinally. 

Manganese deficiencies in sugarcane occur where ratios of available 
iron to "manganese in soils are excessively high. Manganese deficiencies 
have been observed in many sugar producing districts and have been 
corrected by incorporating a manganese bearing compound into the 

fertilizer applied to cane fields. 


BORON (B) DEFICIENCY 

When cane plants are deprived of boron, minute, elongated watery 
spots soon develop on the young leaves. These markings are parallel 
to the veins and result in a definite striping. The leaf lesions soon enlarge 
and manifest sunken areas in their centers. On lower leaf surfaces, 
minute, elongated, gall-like bodies frequently develop. In mature lesions, 

the leaf tissue cracks. 

Young leaves become narrow, very much shortened, chlorotic, and 
badly distorted. Growth of an affected plant is greatly retarded and its 
stalk remains small in diameter. Internal, brownish streaks frequently 

develop at and slightly below the growing point. 

Boron accumulates in the stalk apex indicating a high requirement 

of boron in the growing point tissues. Boron deficiency symptoms do not 
develop until the leaf level falls below 1 ppm. 

COPPER (Cu) DEFICIENCY 

Symptoms of copper deficiency are shown in poor development of 
cane stools, droopy tops, chlorosis of leaves, and failure of spindles to 
unroll. The chlorosis is a pronounced striping effect. Affected leaves are 
wider and softer to the touch than normal and stalks and spindles have 
a rubbery consistency and can be bent easily without snapping. 

Symptoms of copper deficiency occur only after the copper content 
of cane leaves falls to 3.5 ppm or below'. Copper deficiencies have been 
corrected in Queensland, Australia, by the application of 50 pounds 
of copper sulphate per acre. 
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ZtNC Zn DEFJCI£NCY 

The most tharactcnstic early sympUrni ..t /me shortage in sueartane 
IS a pronounced lightening of the green color along the ma|or leaf wiiis 
t plate 15 ). In marked contrast to iron and manganese dehciencies vshen. 
the striped chlorosis is mter-vcinal. lack of /me produces a striped elfeu 
due to loss o( chlorophyll along the veins, although the mter-vcinal 
regions also become progressively paler with increasing deficiency I fie 
distinct white line appearance seems to be due to reduced chloroph\|| 
in the vascular bundle sheaths of the main veins. Fvidence of \cirial 
necrosis appears when the symptoms in a plant become acute and 
growth at its growing point finally ceases. Young tiller- which emerge 

are completely chlorotic in severe deficiency and their leaves s(x»n become 
necrotic from their tips downward. 

Zinc deficiency symptoms occur only after leaf composition drops 

below 10 ppm on a dry weight basis, /inc deficiency in sugarcane is 
rarely (Observed under field conditions. 


MOLYBDENUM (Moi DEFfCtENCY 

Molybdenum deficiency signs in cane are characteri/cd by yellow 
streaks in leaf tissues, is confined to fully mature and older leaves, ami 
increases in severity with age of leaf. The streaks are one to three 
millimeters in width, and vary in length from a few millimeters to a 
centimeter or more. These streaks are more dense in the tcrmin.il h.ilf 
of an affected leaf, decreasing in density towards its base. In the more 
mature leaves, the streaks develop some reddish pigmentation in their 
centers which finally degenerates into lesions of necrotic tissue. 

Molybdenum deficiency occurs on acid soils, l.iming molybdenum- 
deficient .soils usually corrects the deficiency. In New Zealand, 2 tons 
of lime per acre was as effective as 2 to 3 ounces of sisdium molybdate 

per acre in correcting molybdenum deficiency. Molybdenum deficicnev 
is rarely seen in sugarcane. 


CHEMICAL COMPOSITION OF SUGARCANE 

The chemical composition of the cane plant is influenced by many 
factors, and it differs widely among varieties. The amounts of nutrients 
removed by different varieties may vary by as much as 100 percent. Some 
varieties are better able to obtain phosphorus and potassium from a giscn 

soil than others. These differences usually are attributed to differences 
in rooting habits. 
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The composition of the cane plant varies considerably with, climate 
. nd seasonal effects. This is particularly true of unirrigated cane, grown 
^ der conditions of alternating wet and dry seasons in the tropics. 
^"^Fertilizers and manure have been used on sugarcane for many years. 
The various chemical fertilizers are being used on an increasing scale in 

all producing countries. 


CROP '^LOGGING^* OF SUGARCANE 

Changes in plant composition with time during suprcane grow* 
have been used effectively to determine optimum fertilization rates in 
Puerto Rico. Louisiana. Florida, and many other sugar producing areas. 
The objective of such a “log'’ is to list all the important factors affecting 
changes in sugarcane physiology, which the plants experience from the 
time a crop is started until it is harvested, in such a precise and simple 
manner that the information can be used as a guide for the profitable 

production of cunc sugur. 

The cane crop log is a periodic plotting of climatic data, such as 
sunlight intensities, maximum and minimum temperatures, and growth 
records of importance to growers. It records nitrogen, phosphorus, 
potassium, moisture, and sugar levels in the crop as it progresses to 
harvest. Other factors are recorded where they may be growth limiting, 
as well as rainfall, fertilization, irrigation schedules, and yield data for 

current and past crops. 

The nitrogen in sugarcane plant leaves 3, 4, 5, and 6 (in a count 
from top down, the partially unfolded leaf being number I ) should 
remain above 1.5 and preferably above 2.0 percent during the early 
months of rapid vegetative growth. Levels should drop to 1.0 percent 
at harvest. Immature sections of stalks (between internodes 8 to 10) 
should have <0.25 percent nitrogen for good juice quality at harvest. 
The critical levels for various nutrients, the range in which deficiency 
symptoms appear, and the range without deficiency symptoms for sugar- 
cane are shown in the following list. 

The “critical concentration” in sugarcane is that nutrient concentra- 
tion in tissue where growth of plants slows down in comparison with 
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plants above the critical concentration. A tissue analysis guide to de 
ficient and nondeficient sugarcane plants follows; 


Nutrient 

Plant Part 
Numbered from 
Top Down 

Critical 

Concentration 

Range Showing 
Dcficiencv 
Symptoms 

Range Without 
Deficiency 
Symptoms 

2 to 30 ppm 

Boron 

Blades 3, 4, 5, 6, 

1 ppm 

< 1 ppm 

Calcium 

\ Sheaths 3, 4, 5, 6 
/ Internodes 8-10 

0.15% 

0.06% 

0.02 to . I' c 

0.02 to .05'% 

0.1 to2.0f; 

0.05 to 2.0*^; 

Copper 

Blades 3, 4, 5, 6, 

5 ppm 

<3.5 ppm 

5 to 100 ppm 

Iron 

Blades 3, 4, 5, 6, 

♦ 

I to 10 ppm 

20 to 600 ppm 

Magnesium 

j Sheaths 3, 4, 5, 6, 
i Internodes 8-10 

0.1% 

0.05% 

<0. 1% 

<0.05'% 

0.15 to 1 .0' c 

0. 10 to 1 .0' ; 

Manganese 

Blades 3, 4, 5, 6, 

♦ 

I to 10 ppm 

20 to 400 ppm 

Molybdenum 

Blades 3, 4, 5, 6, 

0.05 ppm 

<0.05 ppm 

0.05 to 4 ppm 

Nitrogen 

\ Blades 3, 4, 5, 6, 

} Internodes 8-10 

1 .0^ 

0 

V/ . ^ 

1 .0 to 1 .5% 
<0.2'7 

1.5 to 2.7% 
0.25 to 6.0%, 

Phosphorus 

\ Sheaths 3, 4, 5, 6, 
i Internodes 8-10 

0.08',' 

0.04' p 

0.02 to 0.05 ' 0 
0.01 to .032'% 

0.05 to 0.2% 

0.04 to 0.2% 

Potassium 

( Sheaths 3, 4, 5. 6, 

/ Internodes 8-10 

-> 'jcr- 

1 .0'^ 

0.3 to 1.5% 

0.3 10 0.8'“ 

2.25 to 6.0'“ 

1.0 to2.0'c 

Sulfur 

Blades 3, 4, 5, 6. 

— 

20 to 100 ppm 

300 to 10,000 ppm 

Zinc 

Sheaths 3, 4, 5, 6 

10 ppm 

< 10 ppm 

10 to 100 ppm 

\ .tries w nh 

I c Mn ralio. Critical \l'\ 

cl L.m be below 10 

ppm if Fc Mn rcm.iins 

above I. 


Crop logging, together with soil analyses, particularly for phosphorus 
and calcium, help keep the sugarcane grower's linger on the pulse of his 
growing crop. Adjustments in fertilization and irrigation practices and 
in the order in which fields are scheduled for harvest, based on the crop 

logging programs, unquestionably have rai,sed yields of cane and sugar 
in many producine areas. 
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18. 
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Courtesy of A. Ulrich, University of California 

Di 1 Nitroeen deficiency of sugar beets in early stages appears in chlorosis and 
Slowing^of leaves (left). Later symptoms include death of outside leaves but new 
' growth in centers of crown may occur (right). 



Courtesy^ of R. L. Cook, Afichigan State University 


Plate 2. Leaves deficient in (1) manganese, (2) potassium, (3) nitrogen, and (^ ) 
normal are shown (left to right). Note the inter-veinal ^hl^osis in man^^^^^ 
ficiency, marginal yellowing in potassium deficiency, an uni orm > 

nitrogen deficiency. 
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Long Ashton, Bristol, England 


Plate 3. A, phospho- 
rus-deficient sugar heel 
plants have green to 
dark green leaves that 
may he fringed with a 
hronze or reddish col- 
oration ( above). B, 
calcium deficiency pro- 
duces distortion of leaf 
blades; new leaves may j 

collapse, blacken and ? 

die (left). ^ 
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PI..,, . „ .... --.....V ,1. I men. imvenity »/ Cnliform,, 

Halt b. Huron ile(icienc\ causes distortion of votinc le ivet d.-fit 

.rish,, »rLc;:r.:'yy.„lrpi;':T“'' 



Univer.\iiy of California 

Mate 7. Iron dclicicnc) appears first on vounger leaves as a fine chlorotic niottlin.’ or hleiehino 

n n’r mW"’"- ‘’f 'tenter leaves (left ) to a uniform sellovvin" of I e 

plant. Netimp of preen veins in the leaf caused by partial recovery of iron-deficienrplan (rieht 



Hate «. /inc ilclicicncy appears lirsi av 
lipht bri*\\n areas ani! iieeit>iie spirts 

I fie entire leat except tfie 


( i»Mr/r*xi ft/ . lUfich, t 'rij Vf*rvifv t>f 

a jieneral light green color. \\'ith>an inciea.se in Jcticicnc> 
ilevelop between the v'einii w'hich may enlarge to cover 
Neins. ( loseiip ol /inc-delicient leaf (right). 
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Plate 14 


Bookers l,d.. British C.uima 
dtficienc\ in sugarcane. \'’ar\’infi decrees of spv^»rifi' r 

to severely deficient (chlorotic) striped leaves 
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Plate 15. Zinc deficiency in 
sugarcane. Var\ing degrees of 
severity from normal (dark 
green) to severely deficient 
(chlorotic) leaves. 
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